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PREFACE 

This volume deals with what is probably one of the 
most important factors in an electrical supply system 
In these days of super-power stations it is essential 
that the enormous amount of energy involved shall be 
controlled with safety and absolute certainty 

The authors give readers the benefit of their accumu- 
lated experience, and deal exhaustively with the 
subject, the leading points m design being discussed 
in conjunction with descriptions of the switchboards 
and apparatus in general use 

In the sections on Super-Generating Voltage Switch- 
gear the author, commencing with descriptions of the 
systems of connections m use, then deals with steelwork, 
f erro-concrete and timber for supporting the gear, earth- 
ing, lightning arresters, busbar selector switches, insu- 
lating materials, oil circuit breakers, isolating switches, 
current transformers, and potential indicators Much 
valuable information is also given on the layout and 
general arrangement of switchgear, together with illus- 
trations of typical schemes 

The other two sections m the volume deal with such 
important points as Generator Voltage Switching — 
Circuit Breaker Capacity — Cubicle, Cellular, and Com- 
pound-filled Switchgear — Metal-clad Gear — Application 
of Fuses — Field, Ammeter, and Voltmeter Switches — 
Fiel d Rheostats — Instrument Equi pment — Traction 
Switchboaids and Rotary Convertor Equipment 
The volume will be of the gieatest assistance to those 
_ c oncerned both m the design and practical operation 
ot high and low tension switchgear m electrical trans- 
mission schemes 
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SECTION IX 


SUPER-GENERATING VOLTAGE 
SWITCHGEAR 

(LAYOUTS) 

SYSTEMS OF CONNECTIONS 

Before the physical arrangement of apparatus can be 
considered, it is first of all necessary to know the dia- 
gram of connections At the generatmg station end 
there are three broad possibilities — 

1 Parallel the generators and also parallel the trans- 
formers at the higher voltage side 

2 Connect each generator permanently to its own 
step-np transformer, and parallel on the higher voltage 
side only 

3 Connect each step-up transformer to its own feeder 
and parallel only on the generating voltage side 

The first -mentioned arrangement is the most flexible 
for operation, since it makes possible the diversion of 
generatmg plant to serve feeders at generatmg voltage • 
or at the stepped -np pressure at will It involves the 
greatest expenditure on switchgear, although if the 
local supply at generatmg voltage forms an appreciable 
proportion of the total output, the saving due to instal- 
ling only the transformer capacity required for trans- 
mission at high voltage may well offset the added cost 
of switchgear 

With a system of any great size, with numerous 
circuits on both voltages, duplicate busbars would 
almost certainly be required and thus a typical key 
diagram is as Fig 1 
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A word as to the duplication of busbars may be in 
order The additional set of busbars permits the 
segregation of sections of the plant Thus m Fig 1 
it would be quite possible to split apart the whole plant 
into two entirely separate electrical systems At times 
such facilities are valuable, m that it becomes possible 



Fig 1 Typical Diagram oi CIj nj< rating Station wiru 
DurLioATu Busbars on High- and Bow- volt aqu Siurs 


to work sections at different voltages, peihaps to take 
care of extra heavy loading, or because it is desired 
to apply pressure gradually to apparatus after repair 
A scheme arranged as shown m full hues only would 
be of doubtful value, since if the whole plant were 
operating m parallel it would be a difficult and dan- 
gerous ]ob to split it apart, and, once separated, it 
would be impossible to bring into parallel again without 
shutting down one pait It is necessary to add the 
busbar coupling or paralleling switch, shown m dotted 


V r 


SWITCHGEAE (LAYOUTS) 481 

lines A little thought will reveal how this can be used 
as the last thing to be opened or closed when splitting 
or paralleling 

Provided busbar paralleling means are available, a 
duplicate set of busbars makes it possible to connect 
a generator to a dead 
line, charge it up to 
working potential, 
and then be connec- 
ted m parallel with 
plant already trans- 
mitting considerable 
load over other feeder 
lines on the highei 
voltage side 

In very elaborate 
layouts a circuit 
breaker per busbar 
per circuit may be 
used, but it is very 
rare that the extra 
cost is warranted 

It often happens 
that there is no 
necessity for simul- 
taneous operation at 
different voltages 
and that the points 
supplied can be fed 
by more than one feeder A smgle set of busbars 
would meet the daily operatmg requirements, and if 
the layout be made (as m Pig 2) to include the bus 
sectioning switch shown in the centre of each bus, it 
is still possible to segregate a portion of the plant 
during progress of maintenance work 

Apart from the saving in capital spent in transformers 



Fig 2 Typical Diagram or 
Generating Station with 
Single Busbars on High and 

Low -VOLTAGE SIDES 
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if there is much local load, the practice of switching 
each transformer independently presents certain other 
minor advantages Only the actual transformer cap- 
acity required at any time need he kept m circuit, so 
that losses are a minimum The size of transformer 



"Kin li Tyihc at, Uiauiiam Showing (ii nj ha.tobs and 
Tuans] oiimi us Swm'in n as SiNtiwH Units 


question Finally, m the event ot transformer bleak- 
down, the protective gear open ales to cut out the trans- 
former only, and no other part of the plant is discon- 
nected 

The second possible arrangement indicated might 
work out somewhat as m Fig 3 in a simple case The 
practice of working each generator with its transformer 
as a unit has been followed frequently m the larger 
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power stations in this country In these cases, however, 
the higher voltage has never exceeded 33 kV, and the 
bus system has usually been subdivided and reactors 


after the manner familiar 



have been introduced 
on generating voltage 
switchboards 

Each transformer is 
of the same capacity 
as its generator, and 
the only switchgear on 
generatmg voltage is a 
transfer bus with selec- 
tor isolating switches 
(shown m hghter hues), 
by means of which it is 
possible to work any 
generator with any 
transformer m the 
event of breakdown 
Local supply is gener- 
ally arranged through 
step-down transformers 
from the higher volt- 
age busbars 
This switching scheme 
shows to best commer- 
cial advantage when the 
generators are few and 
the high voltage feeders many, sho'wing up particularly 
well m large capacity stations, smce heavy current, large 
rupturing capacity circuit breakers, and their associated 
switchgear are very expensive 
The Fig 4 may be considered repiesentative of the 
third scheme By a line of argument similar to that 
just used, switching feeder and transformer as a unit 
is most economical when there are many generators 


till 

Fig 4 Typical Diagram 
Showing Transformers 
and Lines Switched as 
Single Units 
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and feeders at generating voltage, with but few feeders 
at super-generating pressures If the super -generating 
voltage feeders are all radial and not paralleled at their 
far ends, it is not essential to equip them with circuit 
breakers As an engineering scheme it is not very sound , 
since the capital expenditure and daily running costs 
of the transformers are higher than need be Further, 
it must be borne m mind that with overhead trans- 
mission, the majority of service interruptions are due 
to lme troubles On all such occasions the transformer 
also would be cut off and the system exposed unneces- 
sarily to the risk of heavy current rush accompanying 
re-connection 

In the days when increasing operating pressure meant 
greater risk of trouble with the switchgear, this scheme 
was adopted rather freely These days are well over, 
and it is no longer considered good practice to control 
* circuits in this way 

Although the foiegomg remarks have been made in 
direct relation to generating station equipments, the 
principles mvolved hold good in substation work In 
the majority of substations, however, transformers are 
paralleled and have circuit breakers on both sides, 
duplicate busbars, section switches and bus coupling 
switches being employed according to the importance 
of the servioe to he rendered 

It is presumed that the reader is generally familiar 
with the usual systems of distribution employed — 
radial feeders, paralleled feeders, and ring mams — and 
these will not be treated m detail Attention is drawn 
however, to the switching arrangement bemg used at 
substations on the ring mams on the British 132 kV 
grid system, since this is a novel one 

In the left-hand diagram of Fig 5 is shown the 
conventional arrangement of switchgear to control a 
substation which has two incoming feeders and two 


* rf 



SWITCHGEAR (LAYOUTS) 485 

paralleled transformers, and m which balanced voltage 
and circulating current protective gear are employed. 
The right-hand diagram indicates the scheme which is 
being adopted for the British “ grid,” using the same 



I’m 5 Possible Switch Arrangements in 
Substations with Duplicate Incoming Feeders 


types of protection The idea is due to Mr J R Beard, 
and was first published m his inaugural address as 
Chairman of the Newcastle local section IEE, m 
1921 

In the usual arrangement, each individual incoming 
feeder cable is furnished with its own protective gear, 
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operating on the breakers at its extremities, while the 
transformer circulating current protective devices open 
the high- and low-tension breakers In Mr Beard’s 
scheme the protective transformer at the supply end 
is balanced against two others at the substation end, 
and, in the event of feeder trouble, two of the three 
breakers m the substation would operate, leaving one 
power transformer connected to the healthy feeder 
The well-known device of overlapping zones of protec- 
tion is resorted to so as to trip all parts of the switchgear 
inside In the left-hand portion of the diagram it will 
be seen that the busbar and higher-voltage section 
switch are not protected m any way 
Two quite expensive circuit breakers are saved m 
each substation m this way The scheme does not lend 
itself to extension quite so easily as the more conven- 
tional arrangement, perhaps, but, as will be shown 
later, it is capable of making a very desirable substation 
arrangement in those cases where future requirements 
are fairly well defined from the inception 

Concluding this section, it is impossible to do better 
than repeat the advice given in the address by Mr 
Beard just cited When the preliminary scheme for 
any system has been completed, go over it switoh by 
switch, and consider if there is any way by winch it 
can be dispensed with without impairing operation 
Many switching schemes are unnecessarily elaborate 
To this the writer w r ould add, consider the diagram 
not only station by station, but take the system as 
a whole Imagine what would have to be done if the 
plant capacity were mcreased by at least twice as much 
as at present seems reasonable to expect See to it that 
the designs first adopted are capable of extension or 
modification to suit these mcreased duties, without 
disproportionate expenditure and inconvenience when 
the tune comes to make the change 
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CONSTRUCTIONAL METHODS 

Switching apparatus at super-generating voltage is 
only rarely placed under cover m these days, it having 
been found that the extra cost of weatherproofing 
apparatus is as nothing compared with the cost of the 
buildings needed to enclose apparatus working at the 
higher pressures, where the clearances between con- 
ductors and to earth are very great In the present 
section the subject is treated as though apparatus 
would be outdoors as a matter of course, but, where 
necessary, indications are given of practical changes 
which are permissible if open type construction is used 
indoors The latter is occasionally resorted to in such 
countries as Northern Canada and in Russia, where 
the intense cold of winter makes maintenance very 
troublesome with outdoor equipment Metal-clad 
apparatus, now widely used up to 33 kV, is treated 
separately later 

Steelwork Structures, In most cases steel structures 
are employed to support apparatus such as busbars or 
isolating switches, which it is desired to have on a 
higher level than the rest of the equipment On very 
high-voltage work it is not uncommon to have the 
highest apparatus 50 to 60 ft above ground, and for 
the supporting columns to be spaced apart by 30 to 
40 ft Lattice steel girder construction is obviously the 
only thing to use m such cases 

In designing these structures, allowance is made for 
the usual ice loading and side-wmd conditions prevalent 
m the district of installation, but m addition there must 
be taken mto account — 

1 The dead weight of all supported apparatus 

2 The transverse pull due to conductors strained 
from pomt to point within the structure, or to overhead 
feeder lines dead-ended on the outside girders 
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3 Tlie live loads due to any men who may be upon 
the structure during erection or subsequent main- 
tenance 

4 Loads imposed during erection or maintenance by 
fastening tackle to the structure when lifting apparatus 
which may be beneath 

The last two factors are very commonly overlooked, 
and have been the cause of more than one mysteriously 
deformed structure 

As a rule steel sections are specified to have not less 
than | in web thickness and to be hot galvamzed after 
all cutting, drilling, etc , is finished Because of the 
difficulty m galvanizing bulky parts, the elements are 
almost invariably bolted together, and not riveted 
Bolts sjid nuts present a problem, as there is no method 
of weatherproofing such things which will withstand 
the atmospheric conditions m some industrial areas 
Probably the best method is to cut the threads extra 
r deep at first, hot galvanize, and then run through stan- 
dard size tap or die This will protect a great part of 
the surface When assembling on the job the threads 
should be liberally greased 

Galvanizing should be used invariably anywhere near 
live conductors, but it is permissible to save money 
by using a bitumastic paint on the black steel on those 
parts of a structure, such as the lower portions of col- 
umns, where painters’ lives would not be endangered 
during annual or bi-annual repainting The life of 
galvanizing is rather indefinite A well-done job may 
easily last twenty years or more, while an indifferently 
galvamzed surface might reveal signs of rust inside a 
year in bad localities In nearly every case, however, 
the completely galvanized job will be the cheaper m 
the long run 

On the Continent zinc is deposited on the com- 
pleted structure by means of the blowpipe pistol in 
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quite a number of cases When expertly done, a uni- 
form coatmg 0 004 in thick placed m this way will 
stand up to all the usual tests applied to hot galvanizing 
The great difficulty is to test the actual work on a big 
structure, and it undoubtedly requires considerable 
skill to use this device successfully 

In cases where the height of columns and length of 
beams is of the order of 20 ft or less, it is frequently 
possible to use as members simple lengths of rolled “ I 5> 
and angle sections, or even heavy gauge steel tubing 
The latter, when fastened with clamps, is extremely 
easy to erect and has a pleasmgly light appearance as 
compared with the “ steel forest ” effect given by so 
many lattice work structures 

When switching apparatus is located indoors, the 
walls and roof naturally afford support for the major 
part For remaining items pipework supports almost 
always suffice, since the loading conditions are much 
less severe than with outdoor equipments 

It is fair to say that quite 50 per cent of the structures 
built are heavier than necessary because designers 
adhere solely to the use of vertical and horizontal 
members, without usmg cross braces, spanning the 
mam bays, to give rigidity Similarly, it is conven- 
tional for all members of lattice structures to be square 
or rectangular m cross-section and parallel-sided 
Material economy could be effected by usmg columns 
of triangular section, tapering towards the top, and 
beams the ends of which are of reduced depth 

With all steel structures, care is necessary to avoid 
pockets m which water can collect Unavoidable 
pockets should have drainage holes in the lowest part, 
and on pipe structures the ends of each must be 
properly plugged or blanked off 

A further detail often overlooked is the pi o vision of 
means of safe and easy access to apparatus Climbing 
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steps should be furnished up some columns, and 
where the beams are any great height, permanent or 
removable handrails right along them are desirable 
for use during erection and maintenance 

Erection of lattice columns is facilitated if they are 
bolted to stubs built into the foundation blocks The 
columns can then be built on the ground and hoisted 
mto position, usmg the stub angles as hmge blocks 
There is no time wasted while concrete sets before all 
tie beams aie bolted m place, and no bother with tem- 
porary guymg It will only pay to grout m the footings 
of vertical members if these are short lengths of rolled 
section or tubes 

Attempts have been made to support apjiaratus by 
wire ropes, strained off tubular columns, following the 
methods used for tramway overhead work These have 
worked out badly because the whole arrangement lacks 
rigidity, and the relatively great weight of individual 
items has resulted m unsightly sagging in the supporting 
wires 

Ferro-concrete Structures. It was remarked above 
that galvamzmg cannot be relied upon m our worst 
industrial areas, where the atmosphere is often laden 
with every imaginable corrosive agent Bitumastic 
pamts are equally limited in value m these places This 
has led to the employment of ferro -concrete as a means 
of support, since m this the steel is buried out of harm’s 
way The material is, of course, more bulky than an 
all-steel structure of like strength, and there are dis- 
tinct limitations to the beam span which can be used 
m practice As will be seen from examples illustrated 
later, however, qmte elegant structures can be made 
to substitute these, which otherwise might be built of 
smgle rolled steel sections (See page 509 ) 

The most recent application of ferro -concrete is for 
the supporting plinths used in smgle plane switchgear 
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layouts, typified by the “A 1” class substation being 
standardized by the Central Electricity Board (See 
pages 509 and 512 ) 

Timber Structures. In countries where suitable 
material is abundant, wood is often used for structural 
frameworks, even for quite high-voltage work Its use 
is decreasmg, partly because of its short life, but 
chiefly because almost everywhere the cost has risen 
to a point where steel is as cheap Wood poles are 
widely used for transmission line construction, often 
untreated if used m the place of growth, although m 
England and most European countries impregnation 
with creosote or other preservative is usual It follows 
that the switching apparatus for less important services 
from such lmes, if light enough, is mounted on wood 
pole structures 

Apparatus Seatings on Structures. Care is necessary 
m arranging to mount equipment on structures, firstly 
to avoid weakening the member to which attachment 
is being made, and, secondly, to avoid imposmg strains 
tending to twist it With a view to maintaining unim- 
paired strength, some engineers utilize clamp attachment 
only On tubular frames this is the only practical 
method, but with lattice or rolled section structures a 
limited amount of drilling is generally permissible 

When mam lme conductors are dead-ended on the 
structure and are strained up to any appreciable pull, 
an anchoring plate or channel section should be fixed 
right across the width of the lattice member, and the 
insulated eyebolt fastened centrally thereto, so that the 
pull is equally distributed on both sides of the lattice 
Short lengths may be dead-ended on any convement 
part of the lattice work 

Fuses and isolating switches are usually mounted 
transversely on or under beams, and their bases may 
overhang some distance at each side If the weights 
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overhanging are balanced at all times no special pre- 
caution is needed This cannot be the case with iso- 
lators, however, unless they are of the type having a 
central rotating insulator A bracing bar from the 
extremities of the base to the opposite side of the beam 
becomes necessary with other designs 

One of the most common mistakes is to mount single 
pole hook-stick operated isolators too lngh up. Indoors 
it is possible to handle a 20 ft pole, but m a strong 
wind a very muscular man is needed to negotiate 
one half that length Much help can be given by 
providing intelligently designed projections on the 
isolator blades A mere hole through the blade, such 
as is used for lower voltage work, is utterly useless in 
the open 

Although the girder work may be properly designed, 
it has to be borne m mind that it does deflect under 
load, and that the deflection when men are upon it 
erecting apparatus will he greater than when they have 
returned to ground Due allowance for this is necessary 
m erecting the coupling rods of triple pole isolators, 
driving mechanisms and the like Flexible couplings 
are sometimes used between adjacent poles when they 
are widely spaced 

Conductors. Chirrent-carrymg capacity is generally 
a minor consideration m designing the conductors for 
a high-voltage substation Mechanical strength is 
usually the controlhng factor, while on the highest 
pressures the size is determined by corona limitations 
Round or stranded conductors are used invariably 
The objection to corona is not that of energy loss, which 
in a switching station would be unimportant, but 
that streamers striking at the surface of a dielectric 
may m time result in its breakdown For this reason 
alone sharp edges should be avoided m the design of 
high-pressure apparatus as far as ever possible 
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Eor indoor work, copper tube or gas pipe makes the 
neatest 30b of the connections Joints are made with 
screwed couplings or tees, or by solid mserts which are 
pinned into the ends, and soldered there Conductors 
made in this way are really only semi-rigid and need 
frequent support For example, a 1 J m diameter tube, 
with £ m wall, supported on 20 ft centres, would have 
a sag of 4 m if of copper, or about 2 £m if of gas pipe. 
Because of this, tubular conductors are only exposed 
to the added wind and ice loading of outdoor work 
when quite adequate support can be given 
• Stranded conductors, strained up like a transmission 
line, are used for most outdoor work Solid copper, 
aluminium, alummium-steel, or the recently patented 
Thos Bolton’s tubular copper stranded cables are all 
used m this way Clamp grips are used at the ends and 
at all branch connections It is essential to calculate 
the sags under extreme conditions for all items, not 
only to ensure maintenance of proper clearance, but 
to facilitate erection In many cases it is hardly pos- 
sible to get at, for example, the middle of a strained 
buswire with a view to fixing a branching conductor 
The easiest 30b is to lay out the buswire on the ground, 
make all tees at the proper places and hoist the com- 
plete thing into place 

In deciding upon the position of jumpers, branch 
conductors, etc , thought must be given to the extent 
of movement which might occur, and anchoring in- 
sulators used if needed to prevent danger There is no 
necessity to strain from both ends every conductor 
employed in the connection system, but where a lead, 
partly free at one end (e g tapped from the middle of 
another strained conductor), terminates on a rigid post 
insulator, or bushing, care is necessary to ensure that 
movement in the wind will not throw too great a strain 
on such terminal 
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Clearances. There are no existing British standards 
governing the clearances which should be used between 
conductors and between conductors and earth on 
pressures over 33 kV, and the practice in other lands 
on very high voltages is widely variable In general 
it may be taken that the clearances indicated m Fig 6 



would be accepted as permissible minima when the 
conductor is practically rigid, but that most engmeers 
would allow up to 50 per cent greater figures, especially 
phase-to-phase, provided it were possible without much 
extra expense In using these dimensions to fix the 
location of apparatus, stram, post, or suspension insu- 
lators, full allowance must be made for sags The 
weight of stram units plays a big part m determining 
the ultimate sag of short conductors, the usual ice and 
wind allowances must be made, and the fact that 
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irregularly loaded conductors being side by side may 
not swing in synchronism must be taken into account. 

On the lower pressures, when conductors are to run 
vertically, it is customary to support them by pm 
insulators which are mounted with their axis at 45 deg. 
When this is done, the distance from the outer edge 
of the largest shed to earthed metal should neveT be 
less than that from the pm to the mside edge of the 
smallest shed, even though this means greatly exceeding 
the figures in Fig 6 above 

It is better to avoid passing conductors m different 
circuits one above the other, because of the risk 
attendant upon the failure of an insulator at the lower 
level The attendant arc is quite uncontrolled, except 
by a possible system neutral earthing resistance, and 
in a favourable wind it may rise many feet When 
transformers or circuit breakers are located beneath 
conductors which may be alive from some other direc- 
tion, ample clearance is necessary above them to 
permit complete removal of bushings 

Still more important is it that an 1 break switches 
intended to break current, and lightning arrester horns, 
should have ample clearance Every effort should be 
made to keep such things right at the top of all struc- 
tures, where there is no chance of the arc bemg blown 
into adjacent metal, but m any case the limits indicated 
m Fig 7 should be regarded as absolute minima 

Ear thing . The structural work m an outdoor sub- 
station in itself forms quite a useful protection agamst 
lightning damaging the apparatus, especially if the 
latter is all below the level of the highest steel members 
This furnishes an added reason why the usual practice 
of bonding together all metal not alive should be 
carried out carefully 

It is desirable to run a copper earth bus not smaller 
than 1/16 sq in section along each mam column and 
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girder Mechanical cleats at intervals will give sufficient 
electrical contact, but the bases of isolators, switch 
tanks, etc , should each be connected independently 
to the earth bar by copper conductors The earth bus 
should be connected directly to the earth at not less 



than two separate points, usually the extremities of 
the switch yard. 

Individual means of earthing should be provided for 
transformer neutrals and for lightning arresters, and 
such means should be as close as possible to their appar- 
atus Some operators tie together their neutral earth- 
ing systems with the general earth bus This is not 
good, because when current passes to earth it frequently 
dries out the earth surrounding the plates or pipes and 
thus mcreases considerably the contact resistance The 
neutral point of a system is earthed solely to gain 
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certain operating advantages, and it is not a vital 
matter if these are lost temporarily, but the structure, 
tanks, frames, etc , are earthed for the safety of those 
working among them, and no chance must be taken 
In the case of lightning arresters, the risk of drying 
out is much greater as the currents to ground are far 
heavier Moreover, it is absolutely essential to place 
the earthing device right at the arrester, so as to avoid 
bends m the earth conductors 

The actual connection to earth may be made by 
means of a special copper or cast iron earth plate, 
buried m a bed of coke below the permanent water 
level Another very handy method is to drive two or 
more l^in steel pipes mto the ground and connect 
into their projecting ends This scheme has the great 
advantage that it is possible to check up the contact 
resistance obtained while the work proceeds, and to 
add more pipes till the desired ohmic resistance is 
obtained A buried plate job must be completed before 
a check is possible Where permanently moist ground 
cannot be ensured, a pipe should be taken to the surface 
so that water can be supplied when necessary 

The value of contact resistance desired is usually not 
over 2 ohms for neutral connections and for structural 
earthing, but for kghtmng arresters up to 15 to 20 ohms 
is permissible in view of the very high potential obtain- 
ing when current passes through this earth connection 
Periodical checks are essential to make certain that 
contact is being maintained For this purpose the 
several plates around the plant are disconnected one 
by one, and the resistance measured between the 
isolated one and all the others m parallel 

In very rocky country the problem of establishing 
connection with the general body of earth is often 
extremely difficult Erecting engmeers are well advised 
to check up the resistance between their earthing 
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devioes and the plates m neighbouring stations, as 
conducting pockets of ground, almost insulated from 
the mass, are not unknown 

In other places there is no possibility of making 
earth contact at all, and it is necessary to run insulated 
earth lmes to a more or less remote point where an 
earth ca^n be made If this is withm, say, 400 yd of 
the switqjnng station, it is best to place arresters there, 
so that a straight earth run is obtained If the distance 
is much greater, the wisest course is to spend the money 
on insulation and on making an effective bonded struc- 
ture around the switchgear, connected to the line over- 
head wire, omitting lightning arresters altogether 

In such places there may be a considerable fall of 
potential within a man’s stride over the ground Prob- 
ably the safest means of meetmg the difficulty is to 
place large steel plates on the ground under and around 
all equipment, adjacent plates touching, so that in 
effect there is a continuous metal floor 

OUTDOOR LAYOUTS 

One of the great advantages of placing switching 
apparatus m the open is the relative nidependence of 
boundaries and levels The cubic space occupied may 
be greater than if the gear were under cover, but there 
is rarely any limit to upward extension When selecting 
the site for an outdoor station it is usually best to treat 
as the most important factor the direction from which 
feeder lmes will approach, and their relative disposition 
Pull-off insulators on the switch structure are m the 
horizontal plane, while the lines may be disposed hori- 
zontally, vertically, or in any triangular formation 
betwoen If the planes must be changed, the pull -off 
insulators must be spaced out considerably, as other- 
wise lme-to-line clearances will be reduced below stan- 
dard in the middle of the final span Snn\lai spacing 
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out is needed if the line approach is anything but normal 
to the switchgear structure, as will easily be seen 
Transport facilities probably deserve second place m 
importance, more especially where transformer stations 
are to be designed Circuit breakers may be heavy and 
clumsy to handle, but once in place need never be 
moved Most undertakings like to be able to give 
transformers a workshop overhaul every few years 
If a reasonable roadway is possible, it may be as- 
sumed that sufficiently firm column foundations also 
can be made The comments on earth connections in 
the previous heading will pomt to the possibility of 
finding rather too solid foundations — on a granite lied, 
for example — since this would militate agamst making 
good earths at the right places 

Quite an interesting demonstration of independence 
of ground contour is furmshed by Figs 8, 9, and 10, 
showing the switchgear for 66 kV at the Mulungusln 
Power Station m Rhodesia, built by Metropohtan- 
Vickers Co As will be seen, the goar is located on a 
hillside with a slope of about 1 in 2, relatively simple 
terracing being sufficient to take the several items of 
equipment The expenditure on insulators and con- 
ductors is, perhaps, rather higher than would have 
been the case on level ground To offset this, however, 
clever advantage has been taken of the rising levels 
to place operating platforms facing all isolating switches, 
permitting the use of inexpensive, hook-stick operated 
links mstead of the more costly gang-operated form 
almost inevitable in more conventional arrangements 
Other notable features of this station, to be seen 
from Fig 8, are the use of stub-buses — short, inter- 
mediate connections — both above and below the bus- 
bars, and the employment of suspension isolating 
switches m the uppei set of these stub-buses When 
avoidable, conductors are better not strung over both 

348 7 




i :i 


r 


f > 



500 


ELECTRICAL TRANSMISSION 



Pig 10 General View oj Lower Part op 
Switchgear, Showing Transpormi ns 


SWITCHGEAR (LAYOUTS) 501 

sets of busbars in this way, but m this case the ground 
contour makes the arrangement essential, and the short 
length makes practically certain that no breakage could 
occur, and thus short-circuit both mam busbars 

The auto -valve lightning arresters on the extreme 
right hand are ideally located, conductors coming short 
and straight directly from the overhead lines and with 
the choke coils so placed that there are no intermediate 
insulators to flash over 

In many cases, when alternative schemes have been 
laid out, it has been demonstrated that there is very 
little difference m total cost between outdoor schemes 
laid out (a) irrespective of area covered, the aim being 
to reduce height of structure, ( b ) irrespective of height, 
with the object of minimizing ground space, or (c) with 
the gear on a power house roof, where ground cost 
may be considered as zero, but the roof must be 
strengthened to carry the extra load This latter 
arrangement is often resorted to in rough, rocky country, 
where the cost of clearmg a site would be great 

A series of illustrations, representative of the work 
of British manufacturers, and showing variants of the 
several methods of construction, has been selected 
These are set out m the order of structural cost and 
elaboration, for lack of any more definite manner of 
grouping 

In Figs 11 and 12 is shown the 66 kV equipment 
built by Messrs A Reyrolle & Co , and installed at 
Stoney Cut, Co Durham, about half-way between the 
North Tees and Dunston Power Stations of the New- 
castle-on -Tyne Electricity Supply Co This was the first 
outdoor switchgear at this pressure m Great Britain 
The switchgear controls a tee-off from the mam tie-line 
between the power stations and comprises three circuit 
breakers, two in the mam line and one m the branch 
circuit, controlling the high side of a 66,000/20,000 
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Fig 13 Ferguson Paulin 33 kV Switchgear with Pipe Framework 
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volts transformer supplying the mam distribution 
network 

Attention is drawn to the manner in which steelwork 
and insulators have been reduced by usmg carriage type 
isolators, the tracks for which are on the same level 
as the circuit breaker tops with the circuit-breaker 
condenser terminals actmg as isolating switch posts 
In Eig 11 the isolators are shown closed, and m Fig 12 
they may be seen on the far side of the circuit-breakers 
m the open position 

The latter view also gives some idea of the circuit- 
breaker design The operatmg gear is motor-driven, 
the rotary shaft passmg from pole to pole above 
the top frames Rack and pinion gear is used to 
lift the contacts The vent pipes from each pole, 
entering a common header pipe at one side, are also 
apparent 

Fig 13 is a good typical example of the class of work 
which can be carried out with a pipe structure, the 
station bemg that at Buntingford, on the 33 kV system 
of the North Metropolitan Power Supply Co The pipes 
are merely held one to the other by bolted clamps, 
but it will be observed that the structure is sufficiently 
rigid to carry gang-operated isolators, operated through 
a torsion shaft, lever and pull rods, the spacing and 
alignment of which must not change at all 

The busbars and conductors are made stiff and self- 
supporting, a relatively easy matter with the short runs 
necessary on the lower voltages Attention is also 
drawn to the way m which the feeder lme is dead-ended 
on the lattice mast m the extieme left of the picture, 
a cable bemg run thence to a trifurcating box carried 
on the top of the switch structure It has been demon- 
strated practically, that the capacity of such a rela- 
tively short length of cable serves a very useful purpose 
in dissipating over-voltage surges, setvmg the same 




Fig 14 A Febguson Pahjn Substation 
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function as the batteries of glass condensers frequently 
used on Continental installations 

A small tee-off transformer station constructed with 
galvanized steel sections is shown m Fig 14 The 
horn-break switches at the top of the framework are 
m the mam line run, tappings bemg taken from the 
stub -bus connecting them down to the circuit breaker 
which controls the transformer primary Both high- 
and low-tension feeder lines are dead-ended on this 
structure 

White discs seen in the conductor run, just above 
the circuit-breaker and transformer, are ammeters 
mounted directly on the conductors This is a not 
unusual practice on indoor work of Continental design, 
but is something of a novelty on outdoor stations 

An example of the British Thomson-Houston Co ’s 
work, employing heavy rolled section framework, is 
shown m Fig 15 In this design the stiffness of the 
columns alone is rehed upon to give rigidity, without 
need for any cross-bracings, even though the outgoing 
feeder lines are strained off on the structure The 
suspension type choke coils in these lines should be 
noted This form of choke coil is very useful, not only 
because no supporting frame is needed, but also because 
it avoids placing insulators m a position where they are 
bound to be subjected to any over-potentials which may 
occur 

The feeders on this side are unusual also m being 
run m pairs for split-conductor protection This 
presents httle difficulty from the switchgear stand- 
point, but it is usually quite troublesome to string the 
twin wires so as to prevent accidental contact 

The arresters are of the oxide film type, and are fitted 
with twin horn-gaps, connected to the two parts of 
each phase conductor, but paralleled on the other side 
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where they are associated with a standard three-phase 
kghtning arrester equipment 

The small transformer station shown in Fig 16 is 
noteworthy by reason of the employment of Burke type 
arresters in conjunction with the cable feeders pre- 
viously referred to It will be seen that these cables 
reach the substation as three-core, are spht m a branch- 
ing box, and the insulated single-core tails are then 
taken to pot-heads, located immediately below the 
arresters 

In a previous page the limited field in which 
ferro -concrete could be employed economically was 
mentioned The equipment shown in Figs 17 and 18, 
which was built by Messrs Ferguson Pailin, Ltd , is 
just about the upper limit If larger bay centres were 
required, the necessary extra depth of beam would 
bring the structure cost well above that for galvanized 
steel It has to be recognized that even with a concrete 
main structure, there is still considerable exposed 
ironwork m the form of isolator bases, switch tanks 
and frames, etc , all of which will ultimately have to 
be painted if galvanizing proves insufficient protection 
Regarding the example illustrated, apart from the 
structure itself, the only somewhat unusual feature is 
the incorporation of wound primary current transfor- 
mers and of potential transformers for metermg pur- 
poses The former will be seen m the upper central 
foreground (Fig 18) and the latter just inside the 
right-hand part of the structure m Fig 17 

Greater novelty attaches to the design of the Central 
Electricity Board’s three-switch substations now being 
built by Messrs Metropohtan-Yickers and the British 
Thomson-Houston Co , a model of which is shown m 
Fig 19 The diagram of connections is that shown m 
Fig 5 In this case apparatus has been kept on one 
plane as far as possible, the isolators being placed 
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Fig 19 Model of 132 kV Substation for Central Electricity Board 
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alongside, rather than above, their circuit breakers 
The only departure from the single plane is at the 
transformer connections, -which are raised on concrete 
gibbets to clear the conductors tying the two circuits 
in parallel The concrete posts merely serve to raise 
insulators sufficiently high to prevent danger to men 
walking through the yard The natural assumption is 
that such a layout must occupy an enormous ground 
space It is, of course, greater than if a conventional 
steelwork arrangement were used, but the cost of the 
completed work will be much lower 

Somewhat similar arrangements have been used both 
on the Pacific coast of the United States and m Ger- 
many The former is on 220 kV and the latter on 1 00 kV 
The reduction in overall costs is more marked as the 
system pressure is raised, because of the greater clear- 
ances in air which must be allowed for 

Fig 20 shows an equipment supplied by Messrs A 
Reyrolle & Co to the New Zealand Government, for 
use at tee-off substations on the Mangahao 110 kV 
system As on lower voltages, the circuit breaker is 
motor-operated through a shaft carrying pinions which 
engage with racks associated with the moving contacts 
The illustration shows well the proper application of 
different types of isolating switch Hook-stick operated 
switches, mounted low r and accessibly, serve the circuit 
bleaker, while on the top of the structure, mechanically 
remote controlled, gang-operated switches are used for 
by-pass purposes 

The Witbank power station on the 132 kV system of the 
Victoria Falls and Transvaal Power Co , built by Metro- 
poktan-Vickers Co , is taken as representative of the 
largest class of outdoor station (See Figs 2 1 and 22 ) The 
lattice structure shown is 52 ft high, mam bay centres 
being 38 X 61 ft Attention is drawn to the lattice braces 
right across the end bays, to stiffen up tb o w hole structure 
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The height of the steelwork was kept down by a 
slight departure from usual practice, in that the bus- 
bars were stramed off between the top beams at the 
extreme ends, and supported on posts at intermediate 
pomts, as shown m greater detail m Fig 23 As a rule, 
these intermediate girders would have been taken much 
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Fig 23 Victoria Falls and Transvaal Power Co 
Witbank Station Busbars 


higher, and suspension insulators used The arrange- 
ment shown is, incidentally, rather easier to erect This 
detail picture also shows the manner m which tap con- 
nections were taken off from mid-span positions 

METAL-CLAD EQUIPMENTS 

In the foregomg no data has been given on metal-clad 
apparatus or equipments, since such gear is m a class 
by itself, involving its own special problems m design 
and meeting a definite group of operating requirements 
As is doubtless well understood, metal-clad switchgear 
is of purely British ongm For many years operators 
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abroad steadily refused to “ experiment ” by using 
metal-clad gear, but smce the war practically every 
country in the world has taken the step, and, once 
havmg done so, further installations have followed 

As the name implies, all live metal is completely 
encased m metal Conductors are usually insulated 
with micamte, empire cloth, or micarta, and the space 
between such insulation and the outer, earthed casing, 
is filled with bitumen, oil, or a semi-fluid dielectric, 
so as to exclude air and moisture The insulation of 
conductors where they pass from section to section so 
far has fixed the upper limit for regular commercial 
products at about 35 kV, although special equipments 
for 66 kV have been built, and there are no technical, 
but only commercial, reasons why the same principle 
should not be apphed up to any system voltage now 
m use 

In Fig 24 is shown a cross-sectional view through 
a umt built by Metropohtan-Vickers Co , which may 
be considered as typical of the smaller and medium- 
sized outfits built by that firm for pressures up to 
35 kV The duplicate sets of busbars, each set m its 
own metal casing, are located m the upper left-hand 
portion of the drawing The individual bars are each 
connected to a contact socket, which is at the back 
of a deeply recessed insulator, the outer surfaces of 
which are covered by an extension of the busbar casmg 
Within the casmg the busbars are insulated with a 
micafohum wrap, precisely like that used on generator 
stator bars, and the curved conductors with mica-silk 
tape, of such thickness as to provide m itself adequate 
insulation for the working voltage 

In addition, the interior of the casmg is filled sohd 
with compound, leaving only a sufficient air space (in 
a pocket provided for the purpose) to allow for expan- 
sion due to temperatuie changes 
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Immediately beneath the busbar casings is one 
which houses the current transformers This also has 
a set of three contact sockets m recessed insulators, 
precisely as has each busbar unit At the lower end 



Fig 24 Cross Suction Through Metropolitan 
Viokers 35 kV Metal- ola d Equipment 


of the current transformer casing, there is bolted on the 
cable-end box. The conductors within the transformer 
casing are insulated in the same manner as are the 
busbars, and the casing itself filled with compound 
The potential transformer, its primary fuses and 
protective resistances are all immersed m the same oil 
tank, this tank bemg mounted on wheels, and making 
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plug connection through recessed insulators in the 
cable box It is so arranged that the fuses can be lifted 
from outside the case, and until the potential trans- 
former circuit has been broken in this way, the tank 
cannot be withdrawn from its contact sockets The 
object of this feature in design is to enable the fuses 
to be replaced, if necessary, without need for with- 
drawing the circuit breaker itself 

The circuit breaker has plug contacts at the rear and 
is mounted upon wheels, which run on the upper sur- 
face of the side frames These permit the circuit 
breaker to be drawn forward so that the contact plugs 
are clear of the busbar and instrument transformer 
contact sockets In this position earthed metal covers 
fall over the openings to the fixed socket msulators 
so as to prevent nsk of accident 

The circuit breaker itself is of conventional design, and 
can be arranged for direct manual operation, operation 
from a distance through the usual system of levers 
and links, or by electrical means with a closing solenoid 
The plug and socket msulators for the higher voltages 
present a pretty problem m design, since if porcelain 
or other bulk insulation were used the irregular voltage 
gradient over adjacent surfaces would cause constant 
brush discharge, fatal m such a confined space Recourse 
is had to the condenser principle with the order of foil 
layers reversed in the socket insulator This ensures the 
same potential at all opposite points over the surfaces 
Apparatus built by Messrs Reyrolle for roughly the 
same voltage and rupturing duty range also is built 
with the circuit breaker travelling along a horizontal 
track for isolation Certain minor differences in arrange- 
ment will be observed from Fig 25, the chief of which 
is the location of the potential transformer, which 
occupies the otherwise vacant space between the 
circuit-breaker tank and the current transformer 
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casing The fuses are of a plugging pattern, with- 
drawing in a horizontal direction, and form the 
connecting link between the mam conductors and 
the transfoimer 

The limiting commeicial pressure for metal-clad gear 
—35 kV— is also about the limit of pressure for which 
potential tiansformers are a practical and economical 
proposition Both makers employ Benes choke coils and 
current limiting resistances on their 35 kV units, to 
make quite certain that no trouble could arise from 
failure of a transformer winding 

In both the designs illustrated it -will be seen that 
where duplicate busbars are used, the usual method of 
transfer from one busbar to the other consists m first 
opening the circuit breaker and then withdrawing it, 
so that the top set of plugs can be moved from the 
upper to the lower position or vice versa to enable them 
to make contact with the desired set of busbars A 
simple mterlocking device can be arranged to prevent 
the switch being pushed home unless all plugs are m 
one position or the other, i © to prevent making con- 
nection with, say the mam busbar on two phases and 
with the auxiliary busbar on the third phase 

At first glance this movable plug arrangement will 
strike an operator as very objectionable, although, m 
pomt of fact, m many plantR it is not common for it 
to be necessary to transfer circuits on load from one 
busbar to the other The duplicate busbar is most 
frequently used either for testmg out a machine or 
cable after repair, for use during extensions, for period- 
ical cleanmg, or for use in the emergency or failure 
of the mam busbar insulation With metal-clad gear 
it may fairly be claimed that the last two functions 
are entirely unnecessary, while the first two only occur 
occasionally In many cases, therefore, it is permissible 
to kill a circuit for the time necessary to change the 
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plug position, a matter of from five to twelve minutes, 
according to the size of the gear 

It has to be recognized that all systems are not so 
happily situated, and that for them rapid transfer is 
essential Metropolitan-Viekers Co incorporate an oil- 
lmmersed selector switch in equipments to be used in 
such circumstances, the arrangements being shown in 
Figs 26 and 27 When the selector swatch blade is 
narrow, as showai m Eig 26, interlocks compel the 
opening of the associated circuit breaker, when transfer 
can be effected rapidly, without having need to parallel 
the two sets of busbars If even momentary interrup- 
tion of supply is impossible, the broad selector blade 
in Fig 27 is used, and it is necessary also to have a 
busbar coupling switch on the equipment The bars 
are paralleled through the coupling switch, and an inter- 
lock thereon then releases a removable handwheel which 
alone can be employed to move the selector blades 
In the course of transfer the broad blade is never out 
of contact with one or other set of busbars, so that 
supply is not mterfered with Only when the selector 
has reached the end of its travel up or down can the 
handwheel be taken away, and until it is replaced on 
the busbar coupler the latter cannot be reopened 
Mistake-proof operation is thus ensured 

A little consideration will show that wuth metal-clad 
gear of the horizontal draw-out pattern, busbar coup- 
ling swatches can be arranged in the same mounting 
centres as the regular circuit breakers, the plugs corre- 
sponding to the two sets of busbars being connected 
direct to the two sides of the circuit breaker, the lower 
casing containing cable box, instrument transformers 
and the associated sockets being unnecessary and 
omitted 

Similarly with busbar section switches No lower 
casmgs are needed at this point, so that the busbar 
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casing with, its sockets from one side of the equipment 
can he deflected down into this space, or carried above 
the usual location for the upper set of bars, the section 
oil switch back plugs bemg placed to correspond 

Metal-clad equipment built by Messrs Ferguson 
Paikn incorporates a circuit breaker which is moved 



Fig 27 Oil-immersed Busbar Selector Switch ioit 
use in Conjunction with Busbar Coupling Switch 


vertically downwards when isolating it fiom the bus- 
bars, the scheme bemg apparent from Fig 28, which 
shows a medium capacity circuit breaker with a single 
set of busbars At times this design may bo found to 
take up less floor space than is needed with horizontal 
isolated gear The advantage is not so great or so 
certain as appears at a glance, smee the location of 
the cable box makes necessary greater space behind 
The actual length of enclosed conductors is reduced, 
as is the number of insulators, and if such items can 
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be regarded as potential sources of weakness, vertical 
isolated apparatus is so much the better 

When two sets of busbars are necessary, a twin 



Fig 28 Cross section Through Ferguson Pailin 
Single Bus, Oil -filled Metax-clad Gear 


circuit breaker is used, 1 e a smgle top casting and 
tank containing two distinct circuit breaker move- 
ments, one associated with each set of busbars Fig 
29 shows a sectional view of such an outfit, embodying 
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a breaker of large capacity The design makes possible 
transfer from one set of busbars to the other without 
interrupting supply, and without employing any special 
bus coupling switch, since closure of both breakers m 
any one tank necessarily parallels the two busbar sys- 
tems The process of transfer is quicker than with any 
of the other devices available 

The mechanical features of this line of apparatus 
have been worked out very neatly The circuit breakers 
incorporate the makers’ patented low-energy trip gear, 
the burden of which is only 1 5 VA, about one-twentieth 
of the figure for the conventional trip devices used 
elsewhere Interlocking is arranged on the complete 
basis now a standard feature of all metal-clad designs, 
the vertical movement lending itself to quite simple 
ways of accomphshment A winch is built into all 
umts, to effect isolation, lower the tank when isolated, 
or lower the complete breaker, at will This winch is 
hand operated on the small sizes and motor operated 
on bigger units 

Messrs Eerguson Pailin have used both bitumastic 
compound and also transformer oil as a filler m equip- 
ments of the types illustrated The oil filler is easier 
to handle if the job must be done on site, but the 
necessary oil-tight joints between casmgs are a distinct 
problem On the whole, it is generally deemed better 
to use nothing more fluid than a material of a thick 
syrupy consistency at ordinary room temperatures, and 
then only if it may be necessary to remove it at inter- 
vals, as when changing current transformers 

In all makes of metal-clad equipment the casmgs are 
filled with dielectric as far as ever possible in the 
factory Where conductors pass out of a casmg, the 
opening is made compound tight by a thick plate of 
micarta Before filling, the casmgs are heated and the 
contents dned out, so that there is no risk of trappmg 
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Fig 29 Ferguson Patt.tn Metal - clad Switchgear with Duplicate 
Busbars and Selector Cir cuit Breakers 
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either air or moisture The joints in the casmg are 
felt or rope packed, and also sealed with Keen’s cement, 
so that there is no possible chance of compound leaking 
under any conditions which may arise m service 

The compound used for filling varies according to 
the voltage on which the apparatus is used Although 
the very hard compounds usually have the highest 
dielectric strength, they are also more liable to fine 
cracks if not cooled very slowly The desirable mech- 
anical characteristic is flexibility or toughness rather 
than hardness It is usual to specify when purchasmg 
this material that a slab of given thickness shall with- 
stand a stated hammer blow without fracture The 
pouring temperature is commonly between 250° F. to 
280° F 

The range of operating temperature which is at all 
likely to be experienced in practice may be set at from 
freezmg point to about 120° F Over such a range the 
classes of compound used would increase m volume 
about 2 \ per cent It is well known that all compounds 
“ flow ” even at temperatures far below their meltmg 
point, so that it is only necessary to provide m each 
casmg sufficient air space in a top pocket out of the 
way of conductors, to prevent any stresses in the 
casmg metal due to expansion of compound 

Those portions which cannot be filled in the factory, 
e g the short lengths coupling busbar sections and the 
cable end box, are so designed as to have large filling 
openings readily accessible Experience has proved 
that the users themselves can readily complete erection 
without any risk of trouble subsequently occurring 

The use of conductors buried m compound introduces 
unusual features, but these are not so serious as they 
appear to be at first sight The fact that the conductors 
are at very close centres naturally means that under 
short-circuit conditions the mutual repulsion between 
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them reaches a very high value, but the presence of 
the compound acts as a shock absorber, and, in point 
of fact, it has been found impossible to burst a com- 
pound-filled busbar unit or move the conductors, even 
when subjecting it to the highest current values which 
could possibly be experienced in practice 

The second pomt which is liable to cause apprehen- 
sion is that of heatmg, since there is no chance of using 
air as a cooling medium between individual conductors 
Here, again, research has shown that the casmgs as 
a whole have very high thermal capaoity, and the big 
area on the outside of the casmg does good service 
m radiating heat generated In practice, equipments 
which are designed to comply with the British Engin- 
eering Standards maximum temperature rise of 30° C 
above surrounding air are worked on a current density 
ranging from 1000 amp per sq m with a normal cur- 
rent of 1000 amp down to 350 amp per sq in with 
a normal current of 3000 amp The corresponding 
figures for open busbars would be approximately 
1150 amp per sq m and 850 amp per sq m The 
difference is, therefore, much less than would be ex- 
pected 

A very good idea of the general layout which can be 
obtamed with metal-clad gear is given by Eig 30 As 
no hve conductors are exposed, and there is absolutely 
no possibility of gaming access to them, special guards 
or screens are unnecessary The only device in the 
room not supplied by the makers is a light, hand- 
operated overhead crane Even this is not essential, 
as the regular tank lifter and carriage would be adequate 
for transport service The circuits are spaced on 
6 ft 3 m centres, which is rather less than half the 
space needed for an open-type circuit breaker The 
complete height is about the same as that of an ordinary 
circuit breaker by itself, and the space needed front 
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to back is only about 50 per cent greater than would 
be necessary for an open cubicle 

The British Thomson-Houston Co also build metal- 
clad gear of the horizontal draw-out type, the general 
construction of which may be gathered from Figs 31 
and 32 The arrangement differs from those so far 
studied m that the cable sections are located above 
those containing the busbars This brings both current 
and potential transformers to the upper part of the 
structure A round casing will be noted behind the 
potential transformer at the upper left-hand corner of 
Fig 31 This contains the oil -immersed fuses, which, 
with their plug connectors, are arranged in the form of 
an inverted “ U,” and may be removed while the circuit 
is alive by means of a pulley block carried on the run- 
way slung under the ceiling 

In Fig 33 is shown a board composed of units such 
as are indicated m detail by Fig 29 The general dis- 
position of parts will be apparent by a comparison of 
these two On the outside of the right-hand frame 
will be noted the driving chain from motor to lifting- 
screw, and, immediately beneath, the cam lever which 
sets the limit of travel for isolation, tank removal, or 
complete circuit-breaker removal The small ironclad 
air break switch on the front face of each right-hand 
frame controls the motor With the circuit breaker 
plugged into contact with the busbars, this cannot be 
closed unless both elements of the breaker itself aro 
open 

It is fair to generalize by saying that on a 33 kV system 
a metal-clad equipment will never require more than 
25 per cent of the building necessary for an open, indoor 
arrangement, and will generally be even more compact 
For this reason metal-clad gear is frequently tho 
cheapest job when completed 

All makers have found it necessary to adopt now 




Fig 32 B T -H 22 kV Metal clad Switchgeab 




534 


ELECTRICAL TRANSMISSION 


lines of design when producing apparatus for use in 
the modem super -generating station, because of the 
great weights and bulk involved The broad idea in 
Messrs Reyrolle’s design, known as the Type “ M,” 
will be clear from Fig 34, taken from the paper read 
before the Institute of Electrical Engineers m 1925 by 
Mr H W Clothier, the managing director of that firm 

The circuit breaker occupies the central row of tanks, 
and embodies a novel combination of conventional 
double break mam contacts with a single break arcing 
element The arc takes place between two arms, which 
sprmg away from each other, and which are located 
above the mam contacts Oil-immersed isolating and 
selector switches are provided for normal operating 
purposes 

When it is necessary to inspect or work on the 
interior of the circuit breaker, the top plate carrying 
the contacts, mechanism, and solenoids for the circuit 
breaker, together with those isolator contact studs 
which are connected direct to the circuit breaker, is 
lifted as a unit, as indicated m dotted lines, Fig 34 
Electrical interlocks ensure that removal of these parts 
cannot take place unless the isolator and selector 
switches are all open 

The isolators and selectors are operated by levers 
located on the switch structure, and on the feeder side 
provision is made so that cables may be earthed if 
desired after isolation Ring-type current transformers 
are used, these being located m the isolating switch 
tank together with the potential transformers, and the 
fuses for the latter It would seem better to place these 
fuses where they would be accessible without havmg 
to open the associated mam circuit breaker and its 
isolators 

In their metal-clad designs for maximum breaking 
capacities, Messrs Ferguson Pailin still adhere to the 
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principle of vertical isolation, as will be seen from 
Figs 35 and 36, but the duplicate circuit breakers are 
kept entirely separate This is a distinct improvement 



Fig 35 General View or Ferguson Pallest 
Super cene rating Station Metal clad Unit 


on the smaller duplicate bus designs Each phase is 
m its own circular cast-steel tank, three being bolted 
together so that they may be handled as a unit 
Independent motor manipulating gear is provided for 
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each circuit breaker, the one device being arranged so 
as to be used at will for dropping the circuit breaker 
to the isolated position, lowering the tank of an isolated 
breaker for contact inspection, or for lowering the 
whole breaker on to the floor Wheels permanently 
earned on the tank bottom facilitate removal when 
lowered right down to the floor 
The circuit breaker itself is of the conventional 
two-break design, using controller fingers for mam and 
arcing contacts Micarta insulation is employed 
throughout A header pipe is built mto the stmeture 
above the centre of each line of tanks and, when the 
circuit breaker is in the raised position, a vent pipe 
m the top fits into an opening m the header A flap- 
valve closes this openmg when the breaker is down 
As m other Ferguson Pailin circuit breakers, pebbles 
are placed in the header to prevent ejection of oil 
Single-phase potential transformers are used, con- 
nected phase-neutral This enables phases to be separ- 
ated completely throughout the equipment These 
transformers are carried on runways at the top of the 
structure and are connected m circuit through pluggmg 
contacts 

With the obvious exceptions of the circuit breaker 
and those for instrument transformers, all casings are 
filled with bitumastic compound, the covers of the 
casmgs bemg domed to allow for expansion 
The safety devices and sequence controls are all 
attamed by mechanical mterlocks, and mechanically- 
operated signals show the position of all parts Coloured 
hght signals are used in addition, bemg intended pri- 
marily for purpose of remote position indication 
The largest metal-clad equipment built by Metro- 
politan- Vickers Co is illustrated m Figs 37 and 38 
The circuit-breaker capacity m this and the two pre- 
ceding designs is of the same order In the equipment 
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shown, not only the circuit breaker, but also the selector 
and isolating swatches, are solenoid -operated from the 
control room, so that all normal operations, including 
transfer from bus to bus, can be earned out from a 
distance Additional means for direct hand operation 
are provided on the gear itself, these being meant 
primarily for maintenance purposes, although they 
could be used in the emergency of direot current supply 
failing When using the remote control devices, eleo- 
tncal interlocks ensure proper sequence of operation, 
but the mechamcal locks on the apparatus itself, fur- 
nished for use when working by hand, function also 
as back-up mterlocks should anything go wrong with 
the electrical gear 

The contacts on circuit breaker, selectors, and iso- 
lators, are all interchangeable, and embody the con- 
tinuous leaf “ Y ” mam brush, with heavy controller 
finger arc contacts The circuit-breaker contact studs 
are braced agamst repulsive forces due to short-circuit. 

Each phase is accommodated in a separate welded 
steel tank, which finishes at the top with a broad mach- 
ined flange This flange covers the edges of a senes 
of concentric grooves machined m the top castmg 
Small openings, irregularly spaced, connect the grooves, 
so that the whole forms a labyrinth outlet passage for 
gas, which effectually traps oil and permits it to return 
to the tank when the pressure has died down 

A motor-operated transfer truck serves the circuit 
breaker, mterlocks cuttmg off supply to the motor 
until the circuit is properly dead and isolated The 
selector and isolator tanks are raised and lowered by 
winch gear built into the structure, but separate hanger 
bolts are used to relieve the wire ropes of strain when 
the tanks are m place. 

The potential transformers are located one phase m 
each isolating switch tank The protective resistances 
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and fuses are normally immersed alongside, but are 
carried on an msulatmg plate which, can be withdrawn 
upwards, without breaking the mam circuit In this 
position the potential transformer is disconnected and 
the fuses dead and thus safe to renew 

When the mam circuit breaker is opened and isolated, 
a further movement of the fuse base makes room for the 
introduction of a terminal, specially shaped to make 
contact with that isolator contact which is connected to 
the cable This ter min al is connected to the station 
test transformer It is thus possible to put an over- 
potential test on the cables without subjecting the cir- 
cuit breaker insulation to unnecessary electrical 
stresses 

The early designs of metal-clad gear were often criti- 
cized, with some justice, for a lack of flexibility in 
operation Enough has been written above to show 
that this accusation no longer holds good Experience 
has demonstrated insulation troubles to be almost 
unknown, largely due to the complete exclusion of 
moisture, dirt, and vermin Similarly, it has come to 
he an accepted fact that metal-clad gear, erected and at 
work, involves a smaller capital outlay than practically 
any other construction which could be used on super- 
generating voltages There is not the slightest doubt 
that the use of this class of switchgear on pressures 
up to 35 kV will ultimately become the standard prac- 
tice, unless, indeed, some entirely novel means of cur- 
rent control be discovered meantime 
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SECTION X 

SUPER-GENERATING VOLTAGE 
SWITCHGEAR 

(APPARATUS) 

INSULATING MATERIALS 

Broadly speaking, the design of apparatus for super- 
generating voltages boils down to a senes of problems 
in insulation application The currents involved are 
usually of such small magnitude that no difficulties 
arise due to heating or electro -magnetic effects It is 
well, therefore, to begin this section by reviewing some 
of the characteristics and propeities of the available 
materials 

Value of Thickness. All insulating materials have in 
common a characteristic decrease m unit dielectric 
strength with increasing thickness Curves relating to 
particular dielectrics will be found under the appro- 
priate heads hereafter If means can be found to use 
several thm pieces of insulation m senes and to control 
the voltage subtended across each, the materials will 
be employed more advantageously than if an attempt 
be made to harness the full pressure with one single 
lump of insulation material 

The desirability of the course indicated is often 
emphasized because of the manufacturing difficulties 
attendant upon producing great thicknesses of many 
classes of insulation In fact, it is impossible to produce 
some materials in the thicknesses which would be 
necessary in a smgle piece to withstand the working 
pressures in use to-day 
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When two or more condensers are connected in series 
across a given voltage, the potential difference over 
each is in inverse ratio to their several capacities 
Herein lies the method of voltage control, the need for 
which has just been mdicated 

The best known, and most obvious, case of the 
application of this method is the condenser bushing, 
to which some detailed attention will be devoted later 
In tins, metal layers are used to subdivide the msulatmg 
material, the metal forming the condenser plates The 
same effect of controlled voltage distribution is ob- 
served whenever msulatmg materials of different speci- 
fic inductive capacities are brought together Hence, 
the design of compound msulatmg bushings, strings of 
suspension insulators, and, indeed, that of most multi- 
shed pm insulators, involves the consideration of the 
voltage gradient which will exist through each element 
Lack of appreciation of this fact was probably at the 
back of more cases of insulation failure m early appar- 
atus than was any other one cause 
Effect of Temperature. The dielectric strength of all 
materials is affected by temperature m some measure 
Fibrous materials are markedly affected and m the 
following section curves are given shoving the order 
of depreciation m dielectric strength with rising tem- 
peratures It must be noted, however, that all charac- 
teristic data given should be used with reserve, and 
the maker’s figures obtamed for the material it is in- 
tended to use m actual design work 


Porcelain. 

Ultimate strength, compression 
, , , , tension 

Specific gravity 
Specific inductive capacity 


15,000 1b persq in 
1,800 
2 43 
3444 


In switchgear manufacture, porcelam is by far the 
most widely used msulatmg medium, this pride of place 
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being due to lngh dielectric value, to the fact that it 
is virtually non-hygroscopie, to the ease with which it 
can be made to shape, and to its relatively low cost 
There are many processes of manufacture, and al- 
most every maker has his own ideas about constituent 
materials, which, although kept secret, do not, as a 
rule, appear to have much bearing upon the finished 
insulator Hopes are entertained in certain quarters 



Fig 1 Characteristic Curves for Wet 
Process Porcelain 

of producing an electrical porcelam of improved mech- 
anical properties, by modifying the raw materials, but 
so far success m this direction has been confined to 
very small pieces 

Porcelam, shaped by forcmg under pressure into a 
steel mould the constituent materials when only 
slightly damp, is termed “ dry pressed,” and being 
mechanically inferior and also slightly porous, should 
never be employed for any but low-voltage work 
Superior physical properties, with a much closer kmt 
body, are obtamed by one or other of the “ wet ” pro- 
cesses, which may involve turning an extruded piece 
of clay on a lathe, throwing and turning on a potter’s 
wheel, pressing and turning in a pgger or casting in 
a jilaster mould The choice of these is a matter for the 
maker, since the finished article can be of the same 
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quality if made by any of them In general, the first is 
used for pieces of rather small diameter required in 
small quantities, the potter’s wheel is adopted for larger 
pieces m limited quantity, the jigger for small and 
medium repetition work, and the casting method for 
big repetition work Cast porcelain is more usual in 
America than here 

During the firing process the shaped clay shrinks 
considerably and becomes soft, so that supports may 
be necessary to prevent deformation The amount of 
shrinkage depends on the temperature of firing and on 
the initial water content At the best the dimensions 
of the finished part must be regarded as subject to 
variations greater than would be tolerated with prac- 
tically any other material, however made Undoubt- 
edly, the best way of designing porcelain msulators 
is for the electrical engineer to rough out his ideas 
and then consult with the ceramic expert in regard to 
manufacturing possibilities 

It is a temptation to conclude this section by stating 
that porcelain should not be used m tension, because 
designers so frequently abuse it when so employed 
As will be noted from the table of physical constants 
above, the ultimate tensile strength is low and, m 
many mstances, only a little consideration is needed 
so to modify the design as to change most of the 
stressing from tension to compression Many forms 
of apparatus exist m which porcelain m tension 
has been applied intelligently and with entirely satis- 
factory results 


Micarta. 

Ultimate strength (tubes) 
Compression 
Tension 
Specific gravity- 
Specific inductive capacity 
Shellac, 25° C -100° C 
Bakehte, „ „ 


10,000/12,000 lb persq in 
8,500 
1 3-1 4 

4 3-7 3 
6 9-14 7 
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Micarta is a generic name given to all those materials 
composed of paper bonded with a natural or synthetic 
varnish under pressure There is no mioa m these 
materials, the name presumably having been given by 
a rather optimistic inventor who thought he had a 
material comparable with mica Micartas are on the 
market under a variety of trade names, such as 
“ Bakehte Dilecto,” “ Paxolin,” “ Pertinax,” etc 
Attention is drawn to the curves in Fig 2, which 



show the effect of increasing working temperature, 
since it is more marked in this than m any other 
material commonly used by switchgear makers It will 
be noted that shellac -bonded micarta suffers most m 
this respect, due to the shellac itself softening The 
specific inductive capacity also is affected by tem- 
perature to a much greater extent than with porcelain 
and other non-fibrous dielectrics 

In the form of flat plates or sheets micarta has a 
bmited field of application, chiefly because it is so 
difficult when cutting them, to avoid slightly separating 
the striations at the edges Such separations form fine 
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capillary cracks and involve a risk of flash-over between 
electrodes mounted near the edges, unless very long 
creepage surfaces can be allowed For tank linings and 
the like, this difficulty does not occur 

Stout-walled tubes of micarta are frequently used as 
tension insulators, both in air and m oil It is also 
largely employed by wrappmg the material directly on 
to the conductor it is desired to insulate, and com- 
pleting the manufacturing process in place Used m 
these manners the mechanical properties of micarta 
are the great attraction, smce it is tough and strong, 
while having a certain amount of flexibility Moreover, 
it can be made true to dimension, can be cut and 
drilled, and the best grades will even take a screw 
thread 

Care is necessary m shapmg the metal fittings, 
especially with micartas which have synthetic bonds, 
because of the risk of startmg, from points of concen- 
trated electrostatic stress, the carbonized, tree-like 
markings termed “ tracking / 5 which ultimately cause 
the insulator to flash -over 

In making micarta, as indeed with all wrapped 
insulating materials, the great secret is to exclude all 
air from between layers of paper In fact, with given 
paper and bond, specific gravity and breakdown voltage 
increase together m this material Visual inspection 
will not reveal the presence of air pockets which, though 
small, may be harmful in time Measurement of the 
dielectric watt loss under full working potential is 
about the only really satisfactory test which can be 
applied, this method having the added advantage of 
revealing also “ green 55 material, 1 e that from which 
all the varnish solvent has not been driven off during 
manufacture 

In general it may be said that micarta is a material 
for experts, both m manufacture and in application, 
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but that m the right hands ]t is one of the most valuable 
insulating agents yet available 

Micanite. This is the material made with mica flakes 
affixed to a earner of sheet silk or paper by means oL 
a binding varnish such as shellac, which is sometimes 
confused with micarta It has excellent insulating 
properties, but practically no mechanical qualities, 
except m compression, and is, moreover, affected by 
the presence of oil For these reasons, there are very 
few possible points of apphcation in high-voltage 
switching apparatus for micanite, its great field of use 
being m rotating machinery, where mechanical support 
can be afforded over the major part of the insulation 
surface. 


Timber. 



Hickory 

Maple 

Ultimate strength 


• 

Compression 

9,500 

6,0001b per sq m 

Tension 

11,000 

10,600 „ „ 

Specific gravity 

67 to 75 

BDV per inch length along grain 



of impregnated material 

5000 

-8000 volts 


In places where insulators of gieat mechamcal 
strength are necessary, treated hickory, maple, and 
other hard woods are frequently used As a rule, the 
treatment consists of vacuum impregnation with par- 
affin wax, after the shaped timber has been thoroughly 
kiln seasoned and dried out m a vacuum oven Some 
makers prefer to substitute linseed oil for the wax, the 
timber benig baked after impregnation to oxidize the 
surface oil and thus seal the pores 

By these methods, the whole body of timber is not 
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impregnated , rather is an impervious casmg formed, 
so that it is necessary for all cutting work to be finished 
before treatment The life and toughness of the 
material is not affected by these processes Provided, 
therefore, that good straight-grained timber is selected 
m the first place, this material is extremely useful, 
especially to those manufacturers who do not have 
facilities for supervising the production of their own 
micartas 

Fullerboard and Elephantide. 

Ultimate strength — tension 5000/6600 lb per sq m 
Specific gravity 10/13 

Specific inductive capacity (in oil) 6 10-5 37 

Fullerboards are employed in places where electrical, 
rather than mechamcal, properties are necessary, as, 
for example m oil-filled bushings, as tank linings, and 
for terminal boards, spacers, etc Being of a fibrous 
nature, they should not be used exposed to the air, 
but must he under oil or buried m compound 

Fullerboard (or, more properly, pressboard) is made 
in a variety of densities, siuted to particular applica- 
tions and to the degree of mechamcal support which 
can be afforded it m use In switchgear work, the dark 
material, often called elephantide, is chiefly used for 
tank hmngs and the soft absorbent varieties as the 
mner tubes of bushings and protective separators m 
oil-immersed apparatus As will be seen from curves 
shown m Fig 4 when compared with Fig 3, these 
materials have very high electric strength when soaked 
in switch oil 

Paraffin Wax. 

Specific gravity 0 85/0 92 

Specific inductive capacity 1 8/2 0 

Coefficient of expansion, per °C at 0-38 0 C 0 000107- 00013% 
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Paraffin wax is principally employed as a filler a 
useful dielectric which when melted can be poured mto 
the spaces between solid insulating materials, thus 
excluding all air and moisture In this manner Con- 
tinental designers are very fond of using it inside com- 
pound bushing insulators 

Bitumen. 

Specific gravity 1 07-0 999 

Specific inductive capacity 3 76 

Coefficient of expansion, per ° C while solid 0 03% 


Bitumen is the filling material most favoured by 
British engineers, immense quantities sold under a 



Fig 6 Characteristic Curves for Bitumen 


variety of trade names bemg used annually for filling 
joint boxes, casings of metal-clad switchgear and so 
forth In high-voltage apparatus the chief application 
is for filling the space between condenser bushings and 
their surrounding porcelain weather-casmgs 

When pouring either bitumen or paraffin wax it is 
essential that the object mto which it is poured be 
heated, especially if there are any narrow passages, 
otherwise the filler may solidify prematurely and trap 


i 
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air inside Such trapped air may become ionized and 
later cause internal flash-over 

On the othei hand, if the filler be poured at too 
high a temperature, gas bubbles will be formed 
winch may not be able to rise to the surface and 
escape, thus again leaving voids m the mass of the 
fillei 

It will be lealizod that the results of an internal 
Hash-over may be quite serious, as it is possible for the 
ensuing explosion to be extremely violent 

It is obvious that m pouring the filler it is necessary 
to keep between the two temperature limits 

Oil. (Class “ B B S S 148/1927 ) 

Specific gravity U 84/0 88 

Specific inductive capacity 2 27-2*14 

Coefficient of expansion, per 0 C at 0-100 0 C 0 075-0 079% 

Oil is not only used almost universally as the medium 
in which current is actually interrupted, but is also 
used to some extent as a filler, in bushings, instrument 
transformers, and so forth The desirable character- 
istics of switch oils are fully dealt with in B S S. 148, 
1927, and, indeed, it may be felt that the subject of 
switch and transformer oils has been dealt with in the 
Press ad nauseam One aspect, however, does not yet 
appear to have had due stress laid upon it — the ques- 
tion of purity 

Oil which meets the breakdown voltage test specified 
inBSS 148 (30 kV across the standard 4 0 mm gap) 
can at best only be regarded as commercially dry The 
same oil if absolutely free of all moisture would show 
a test figure of 60/80 kV across the standard gap 
The addition of water lowers the electric strength very 
rapidly at first, but the curve quickly becomes asymp- 
totic Beyond this pomt water added to otherwise 
clean oil does not affect the B D V unless the two are 
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Figs 7 and 7a Electric Strength of Insulating Oils 
(“Electrical Insulating Materials ” A MoiiJchouac) 
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emulsified A short time suffices for the emulsion to 
settle out, after which the oil reverts to the saturated 
figure Even the addition of colloidal carbon and cotton 
fibres (the two most likely impurities to become present 
m practice) affect very little the electric strength of oil 
otherwise pure, 1 e perfectly dry 

Switch oil is very hygroscopic, so much so that a 
sample exposed to the air will vary in electric strength 
with changes in the atmospheric humidity In con- 
sequence, it is quite impossible m practice to keep oil 
chemically dry The BSS test figure of 30 kV is, in 
fact, a practical compromise which recognizes the 
presence of a certain unavoidable degree of moisture 
If carbon or fibrous material is present m such com- 
mercially dry oil, the breakdown voltage decreases to 
a much lower figure than when only one impurity was 
present, and it contmues to fall The explanation is 
that the particles of carbon or fibrous matter act as 
carriers for the water, forming up along the potential 
stress lines Then: presence also permits much more 
water to be held m suspension 
Herein hes the real reason why great care should be 
given to maintain switch oil m good condition It is 
not piactically possible to design apparatus so that it 
will work satisfactorily no matter how badly the oil 
has deteriorated, and the British Standard test figure 
is the compromise agreed upon as reasonable by operat- 
ing and designing authorities 

The practical impossibility of keeping oil really dry 
in service results m the apparent anomaly of improved 
unit BDV with increase m temperature, the fact bemg 
that heating actually drives off some water 

The foregoing does not pretend to do more than 
introduce to the reader the broad idea Those who 
wish to study more deeply the subject of insulation 
per se } are referred to Electrical Insulating Materials by 
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Allan Monkhouse (Pitman), from which work certain 
data herem have been extracted 

INSULATORS 

In the previous pages have been reviewed the 
puncipal materials employed m the manufacture of 



1 / 


% 

Fig 8 Potential Gradient Over Cylindrical Insulytor 

insulators for high-voltage apparatus The completed 
article will now be considered. 

Porcelain Post Insulators (Indoor). If voltage be 
impressed across a simple cylinder of insulation, one 
end of which rests on an earthed plate, the potential 
gradient from end to end over the surface will not be 
uniform, but will vary somewhat as indicated in Pig 8 
The uneven gradient results because from every pomt 
on the surface there are really two parallel dielectric 
paths — that through the dielectric itself and that 
through the surroundmg air If, for any reason, the 
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potential difference across any part of the surface is 
greater than that necessary to break down the air 
path, a local brush discharge will start The effect of 
this is to short-circuit a section of the dielectric, causing 
a redistribution of the potential gradient, m which all 
other portions of the dielectric will be stressed higher 
than before Brush discharge will then start from a 
new point, and the process develop progressively until 
the cylinder flashes over 

To use the dielectric to best advantage, it is necessary 


to shape the material and 
more especially the metal 
fittings, so as to effect 
a balance between the 
capacity paths,* and thus 
stress all parts of the 
surface uniformly 

The profile of modern 
post insulators for mdoor 
use is practically smooth, 
any irregularities intro - 



Fig- 9 Desirable Axial 
Length of Indoor Post 
Insulators 


duced bemg rather by 

way of ornament than of real value The practice 
is to regard the axial length ( L in Fig 9) as the 
important dimension The slightly conical shape is 
dictated purely by reason of the mechanical loading 
expected, and is characteristic of all modern designs 
of post insulators Since single-piece porcelain post 
insulators are now used but rarely over 60 kV , the 


question of voltage gradient ceases to be a very pro- 
minent one In dusty situations corrugations may be 
introduced to mcrease the leakage path without making 


the axial length unduly great A few manufacturers 
still use one-piece porcelam posts foi outdoor work, 
and m this case, the corrugations are replaced by ram 


sheds similar to those used on bushing casmgs 


36— (3601) 
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The loads which have to be supported usually make 
necessary a considerable cross section of porcelain at 
the baBe, and, since it is not practicable to vitrify uni- 
formly very thick pieces, posts for higher voltages are 
always made hollow Care must be taken m mounting 
such porcelains not to trap air m the interior space 
Outdoor Post Insulators, up to 60 kV. For outdoor 
work up to about 60 kV, supporting insulators are 
usually of the same general design as pin-type line 
insulators In fact, the latter are commonly employed, 
where the mechanical loading permits All such insu- 
lators are furnished with one or more skirts or sheds, 
the object of which is to protect some part of the 
porcelain surface from ram and dust The size and 
disposition of these is largely a matter of the designer’s 
taste, the common point m all designs being to ensure 
that even when all upper surfaces are wet (and, being 
so, are considered to be conducting surfaces) the poten- 
tial difference through air from shed to shed shall be 
considerably below the disruptive value of the air paths 
In Fig 10 are shown several modem insulator designs, 
all of which are for practically the same working and 
test voltages and are drawn to the same scale The 
“ delta ” pattern is a very widely used Continental 
design of German origin, but to-day it is hardly possible 
to assign definite nationality to the vanous designs as 
could be done a few years ago 
Attention is drawn to the insulator of “ flow-lme ” 
design This was originally designed by C L Fortescue, 
who conceived the idea of shapmg the body of the 
porcelain to conform to the lrnes of flow of the electro- 
static field and the upper surface to he on zones of 
eqmpotential By doing this he contrived to bring the 
wet and dry flash-over figures much nearer together, 
since wetting the surfaces did not alter the dielectric 
flux distribution The big variation m the size of the 
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insulators shown is due almost entirely to the field 
distribution obtained 

In passing, it may also be noted how all these multi- 
shed insulators are made of many separate pieces of 





Fig 10 Typical Shapes op Modern 
50 kV Pin Insulators 


porcelain cemented together The greatest thickness 
is required from pm opening to head, so as to resist 
puncture under the full voltage, whereas each shed 
can only be subject to some lower stress, according to 
the voltage gradient attained The use of separate 
pieces enables each to be of more uniform thickness, 
and thus capable of being vitrified uniformly through- 
out The cement used is generally something of the 
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Portland class, and, although it has a definite electrn 
strength of its own, yet it functions m a measure a- 
the plate of & condenser in which the porcelain is tie 
dielectric and gives control of the voltage gradient 
through the body of the completed unit 

Outdoor Post Insulators, over 60 kV. The pm tyjn 
of insulator ceases to be an economical design, even 



~F -=£ 


Fig 11 Capacity Circuits op Multi-shed Outdoor 
Post Insulator 

for line construction, at about 60 kV As is knowr 
on transmission lines above this pressure, the suspen 
sion pattern of insulator is now adopted umversallv 
and, indeed, it is extending its field to the lower pie- 
sures also The earliest designs of rigid support fi» 
outdoor apparatus were mere adaptations of the su- 
pension insulator design, the fitting which provided tie 
flexibility bemg replaced by a flanged one which \va 
bolted to its neighbours 

The arrangement is obviously a senes of condenser- 
which early m this section was shown to be desirabk 
The case is not quite so simple, however, because tie 
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effective capacities are not only those between adjacent 
metal fittings, bat also from each fitting independently, 
to ground, through the air The equivalent circuits are, 
therefore, actually as in Fig 11, and result m an uneven 
distribution of potential over the several units In 
Fig 12 is shown a senes of curves taken from the 



Fig 12 Voltage Distribution Across Multi-shed 
Outdoor Post Insulator 

author’s Choice of Switchgear (Blackie & Son) indicating 
just how widely the actual potential distribution differs 
from the ideal The shape of these curves vanes 
markedly with humidity even durmg the “ dry ” test 
and, as will be expected, the voltage distribution is 
much more uniform under ram conditions The actual 
value of voltage across the string also affects the 
percentage distribution across each unit 

In some cases the areas of the several metal fittings 
throughout a post have been varied, so as to restore 
the desired uniform gradient, but this, of course, does 
away with all semblance of standardization, and vastly 
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increases the cost of spares and the difficulties of 
replacement 

Not only did these designs suffer from electrical 
disadvantages They proved mechanically poor, even 
when porcelain and metal parts, much heavier than the 
corresponding suspension insulator 



parts, were used 

It will have been observed from 
Pig 14, that uniform distribution 
is more nearly approached the fewer 
the insulator units employed This 
fact led to the use of a few units, 
patterned after the pm insulators, 
and mounted rigidly one above the 
other as in Pig 13, which shows a 
modem 132 kV insulator, such as is 
bemg used on the British “ grid ” 
system With such a design, five 
insulator units would suffice for 220 
kV working pressure, the highest 
voltage at present m commercial 
use Posts constructed on this 
principle would to-day be applied 
for all working pressures over 60 
kV, and would be employed on 
indoor installations as well as 
outdoors 

Compound Through Insulators. 

Porcelain is the preferred material 
for insulators in air, on account of 
its bemg non-hygroscopic, easily 
cleaned, damageable only by really 
rough treatment, and cheap It has 


Fig 13 
Modern High 
Voltage Post 
Insulator 


been shown, however, that its unit 
electric strength falls with mcreasmg 
thickness, and that there are grave 
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manufacturing difficulties m making pieces with very- 
thick walls It is, consequently, common practice to 
make up through or bushing insulators with a porcelain 
outer shell enclosing some other dielectric, which may 
be one of many available materials Such insulators are 
termed “ compound ” insulators, as distinct from those 
built with only one class of dielectric, which are called 
tc bulk 55 insulators 

Fig 14 may be taken as typical of this class of “ com- 
pound insulators To the conductor is applied a close 
wrap of micarta, micamte, or empire cloth The whole 
thing is threaded into a porcelain shell, and the inter- 
mediate space is filled up with paraffin wax or a bitu- 
mastic compound, poured hot Adequate space for 
expansion during the normal working temperature cycle 
is, of course, left at the top end If the outer shell 
is provided with ram sheds, this type of bushing can 
be used on outdoor apparatus 

The potential gradient over the surface of the insu- 
lator is that due to the porcelain profile and to the shape 
of the metal fittings associated at the ends and at the 
intermediate mounting flange The gradient through 
the dielectrics, from conductor to earthed mounting 
flange, depends mainly on the diameters of each dielec- 
tric and on their several specific mductive capacities 
The designer must exercise care to ensure that m each 
case the voltage across the dielectric bears the same 
relation to the breakdown voltage to be expected for 
the selected thickness of that dielectric, or, m other 
words, to ensure that there is a uniform factor of safety 
m all sections of insulating material It is very easily 
possible by “ adding more msulation ” to throw so 
much greater voltage on to some other part of the 
insulating system, as to cause breakdown there 

Oil-filled Insulators. Strictly speaking, the oil-filled 
insulator is a compound design, but the practice of the 
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cements which expand slightly 
on setting and the use of 
treated cork gaskets An upper 
sight glass (which also acts as 
a conservator vessel) is still an 
inevitable fitting, but really is 
only needed m the event of a 
porcelain casing developing a 
crack, and thus allowing the oil 
to escape The surface of oil 
exposed to the air is so small 
that no trouble occurs m 
practice due to moisture absorp- 
tion Insulators for use m very 
humid climates have sometimes 
been fitted with air-drying 
breathers, but experience has 
proved them unnecessary It 
is claimed that by using oil as 
a filler the bushing auto- 
matically reseals after puncture, 
as the oil flows into the holes 
formed m the spacing cylinders 
This may be so, but a properly 
designed bushing should flash- 
over before puncturing at all 
If a plain shell were filled with 
oil, there would always be a risk 
of impurities in the latter lining 
up along the electro -static stress 
lines, thus forming a chain 
conducive to puncture at low 
voltage, hence the cylinders of 
solid dielectric which prevent 
such chains becoming con- 
tinuous 



Fig 10 Oil-filled 
Bushing 
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The General Electric Co of America are responsible 
for the design of the oil-filled bushing shown in Fig 16, 
which bushing is doubtless more widely used than all 
the other compound insulators together, since to-day 
the design is used by all the firms associated with the 
General Electric organisation In this form, the inner 
cylinders are made from micarta or pressboard, which 
while servmg as a sohd barrier across the oilpath, also 
has a very high electric strength of its own The con- 
ductor wrap is often a special cloth dielectric, which 
also has high breakdown value The combination of 
these materials has permitted the diameter at mounting 
flange to be reduced to a much lower figure than in 
any other arrangement in this class 

It will be observed that in this design, the porcelain 
plays no part other than that of oil container, with 
a surface suitably shaped to give a satisfactory wet 
flash-over figure At the mounting flange, to which a 
puncture would have to strike, the dielectrics are only 
oil and fibrous materials The length of this earthed 
flange plays a very definite part m ensurmg satisfactory 
flash-over performance at the lower, under-oil, end as 
will be explained m detail under a succeeding headmg 
Condenser Bushings. The condenser bushmg is the 
only design in which the potential gradient is definitely 
controlled both through the thickness of dielectric and 
over its surface Essentially, it consists of a series of 
micarta wraps, applied directly on to the conductor, 
and separated one from the other by layers of tinfoil 
of lengths decreasmg from the middle outwards much 
as indicated m an exaggerated manner in Fig 17 Each 
section between adjacent layers of foil thus forms a 
condenser If the capacities are the same, the voltage 
from layer to layer will be uniform, and there will be 
the same voltage difference between the edges of neigh 
bourrng foil layers over the surface 
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In a practical construction some modifications are 
necessary, and in Pig 18 are shown sectional views 
through actual bushings as made by Metropolitan- 
Vickers Co m Manchester If the edges of tinfoil were 


exposed m the air, as indicated in 
Pig 17, they would form concen- 
trating pomts for the electrostatic 
field, and glow discharge would 
originate there These edges are, 
therefore, buned in a dielectric, 
which, m the shorter bushings, made 
from sheet paper, is merely the 
micarta itself, as indicated m the 
right-hand illustration (Pig 18) 
Long bushings are wrapped with 
strip paper applied spirally, and with 
joints broken on successive layers 
In these, the foil edges at the air 
ends are sealed with bitumastic 
compound filled m between the 
bushing and the outer porcelain 
weather casmg, while the foil at the 
ends which project mto the oil tank 
is prevented from originating brush 
discharge by the oil itself 

A wire wrap is used m place of 
foil for the last plate of the series of 
condensers, so as to give a suitable 
surface on to which the earthed 



Dielectric 


A' www Metal 


Fig 17 
Principle of 
Condenser 
Bushing 


mounting flange can be connected and cemented 
Compare the length of this wire banding, with that 
of the mountmg flange m the General Electric oil-filled 


bushing 

Except for quite low voltages, the inner conductor 
is always tubular Primarily, this is because for any 
given voltage between steps, quality of micarta and 



570 


ELECTRICAL TRANSMISSION 


for test The majority of the standardizing institutions 
of the world also have recorded their ideas, from all of 
which emerges the fact that agreement has not yet 
been reached At the moment of writing the British 
Engineering Standards Association has committees 
agam considering the problem, and endeavouring to 
reach a common basis of agreement with their colleagues 
abroad It would be unwise, therefore, to confuse 
matters by puttmg forward herein any figures, however 
tentative, and the reader is referred instead to the 
existing BSS 137/1922 and to the BSS dealing 
respectively with line msulators, post insulators, and 
bushing msulators, which will be forthcoming m due 
course 

Arcing Homs. The ratio between wet and dry 
flash-over values is not, and cannot be, constant for 
msulators of different design The flash-over values are 
not constant even for the same design, m fact It is 
desirable, nevertheless, m a power system, to ensure 
that if trouble occurs, it shall do so if possible at the 
point where it is most easily rectified To this end, 
many engineers arrange to include on their lines near 
the stations, a few msulators which are known to have 
a lower flash-over voltage than the rest, either on the 
line or m the station itself Because of the varying 
wet/dry flash-over ratio, this device alone is not entirely 
reliable, and, smce there is no particular point m 
having a higher dry than wet flash-over, resource is 
commonly had to arcing horns These are metal exten- 
sions fixed to the line and earth fittings of the msulators, 
so shaped and located that when arc -over occurs it will 
he between the horns, and not over the surface of the 
insulator 

Between pomted electrodes, or spheres of diameter 
small m comparison with the spacing, there is no differ- 
ence between the wet and dry flash-over figures As 
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the diameter of electrodes is mcreased, differences 
appear and become more and more marked On the 
voltages now in use, it is possible to secure a very great 
measure of mdependence of these factors, by usmg 
horns with electrodes of the order of £ in or 1 m 
radius 

Such relative independence secured, it becomes prac- 
tical politics to arrange for and expect line insulators 
to flash-over at the lowest voltage, post insulators m 
the substation to go at, say, 15 per cent higher pressure, 
and the expensive bushings in transformers and oil 
switches to flash-over at the highest figure 

Let it be repeated, however, arcing horns have the 
effect of making the lower, wet flash-over figure the 
standard for a given msulator, and of bringing the 
dry flash -over down nearer to the wet figure Emphasis 
is made, not because the writer disapproves the uBe 
of arcmg horns — on the contrary — but because there 
is frequent misunderstanding of their effect 

Altitude. Air density has a marked effect on the 
flash-over value of an msulator, and thus where appar- 
atus is being installed on high eminences, it is necessary 
to use insulators with a longer flash-over path in air 
than would be necessary at or near sea level In usual 
practice, precautions of this kind are not necessary if 
the altitude is less than 3000 ft above sea level The 
variation in air density with altitude is given by the 
curve, Fig 19 The necessary flash-over path for any 
voltage at any altitude is closely approximated by 
dividing the equivalent sea level length by the air 
density 

Fog and Mist. Dirt on the sheds of an msulator, 
such as may be expected to settle there m open country, 
is rarely a source of special trouble Most of it is 
washed off by ram and it covers only the upper surfaces, 
so that even while present the effect is merely that the 
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the system voltage is relatively low, it is usually a 
practical possibility so to arrange contact design, speed 
of opening, etc , as to insert a sufficient resistance in 
the arc path to prevent reformation after the first or 
at most, second, half cycle The period of gas formation 
is, consequently, short — 0 01 to 0 02 sec — and the 
process is somewhat m the nature of a slow explosion 
With system pressures such as are used for transmission 
to-day, the voltage available to restrike the arc, after 
the current wave has passed through zero, is so great 
that there is no hope (with our present designing know- 
ledge) of preventing reformation With the most suc- 
cessful modem circuit breakers, the arcmg time on 
80 kV may be of the order of 0* 1 sec , and on our 
British ma xim um of 132 kV it may last for 0 15 sec , 
or even longer 

As the resistance of the arc path is a function of 
its length, there is definite advantage in increasing the 
length as rapidly as possible, even if this can only be 
accomplished through part of the necessary stroke, as 
the total arc energy, in any case, will be reduced 
Special devices for accelerating the break are, therefore, 
incorporated m most circuit breakers for very high- 
voltage work 

For a given breaking duty, the pressures transmitted 
to the tank walls are less as the voltage increases, 
partly because the speed of gas generation is lower, but 
chiefly because the tanks are of necessity farther away 
from the arc contacts — the centres of gas generation 
Relatively light tanks, then, are characteristic of high- 
voltage circuit breaker construction Where the break- 
ing duty is only moderate, it is sometimes possible to 
design the tank only so that it will not deform under 
the weight of contained oil 

Some cushioning space is necessary above oil level 
m all makes of circuit breaker Hence, the insulating 
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bushings extend, below their flanges, through both air 
and oil On a previous page, emphasis was laid 
on securing a safe voltage gradient through each of 
several dielectrics which may be in series This mul- 
tiplicity of dielectrics might obtain with the electro- 
static field surrounding the lower end of the bushmg. 
It is quite possible to proportion the path length 
through oil and air, so that the latter will not be over- 
stressed, but the actual oil level is in the operator's hands , 
and beyond the definite control of the designer A varia- 
tion m the oil level might result m a brush discharge 
through the altered air path, and if by chance an explo- 
sive mixture occupies the air space, disaster might 
follow This is no mere academic speculation The 
thing has been known to occur and is easily reproduced 
experimentally The only safe course is to take the 
earthed metal of the bushmg flange right down mto 
the oil, at least as far as the bottom of the gauge glass 
provided in the tank This makes practically certain 
that under all conditions the whole path over the lower 
surface of the bushing will be through oil 

The large clearances necessary through air and under 
oil result m oil tanks which become too unwieldy to 
be lowered m the conventional maimer, where the 
pressure exceeds about 80 kV These very big tanks 
are, therefore, located permanently m position on the 
ground, and a manhole must be provided in the top for 
access durmg erection and maintenance Such ready 
access is quite important, though not always easy to 
secure without unduly cramping the lifting mechamsm 
Manual control through a lever system is possible 
on breakers up to, say, 50 kV, above which electrical 
control, either by solenoid or motor, is universal, on 
account of the weights to be moved 

Since practically all modem super-generating switch- 
gear is located out of doors, if not of the metal-clad 



576 



Fig 20 Metropolitan -Vickers 60 kV Oil Circuit 
Breaker 
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pattern, it is reasonable to generalize and say that 
all circuit breakers, such as are treated in this manual, 
would be remote electrically operated 

To give a proper idea of British practice, typical 
examples of the product of the leading makers of high 
voltage, open type, circuit breakers, are illustrated 
and discussed below 

Metropolitan-Vickers Co. In Fig 20 is shown the 
standard circuit breaker for 60 kV service, where the 
required rupturing capacity is not abnormal Three 
separate pole units are employed, the welded steel 
tanks being suspended beneath cast steel top plates 
The three poles are earned from a section steel frame- 
work at a sufficient height to permit the tanks to be 
lowered for contact inspection To facilitate this a set 
of pulleys is permanently placed to take a wire rope 
from a portable tank lifting winch At one end of the 
framework is a weatherproof casmg enclosing the 
operating solenoids, closmg contactor, and terminal 
board for the small wiring 

The tanks are lined, the space between lining and 
tank being appreciably greater than is employed on 
circuit breakers for a less system voltage The contacts 
are of the well-known wedge type, but do not incor- 
porate any special quick-breaking device, since m this 
field of voltage, it is found possible to secure adequate 
speed of break with accelerating springs located m the 
mechanism housmgs The movmg element is suspended 
by a tubular micarta lifting rod, which passes through 
a second micarta tube serving as a guide The whole 
parallel motion lifting mechanism is carried on a 
removable bracket casting beneath the top plates and 
between the earthed portions of the bushings In this 
position it does not reduce the possible clearances to 
live metal m air or m oil 

The condenser bushings are of sheet-wound micarta. 
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porcelain housed at the upper end when used outside, 
but otherwise left uncovered The outer banding wire 
is carried well below oil level Under oil there is a 
porcelain shield to protect the exposed edges of the 
condenser foils The corrugations on the porcelain are 
intended to break up any possible direct stream of 
water drops which might condense mside the top The 
bushing mounting flange is earned on a rockmg seating 
to facilitate adjustment of the contact position 

Fastened to the underside of the top casting, and 
surroundmg the bushings, are placed the ring-type 
current transformers The condenser type of terminal 
possesses marked advantage here, in that it is smaller 
m diameter than any other design Hence, the ratio 
curve of the current transformer can be kept within 
reasonable limits of accuracy down to a much lower 
primary current 

Fig 21 shows a circuit breaker designed for 154 kV 
service, where the interrupting duty may be as high 
as 1,500,000 kVA The tanks and top plate are built 
as a smgle unit, from steel plates rolled or pressed to 
shape and welded together No lining is used in this 
'design, the clearances from live metal to side of tank 
bemg increased to compensate for its omission The 
general construction and location of lifting mechanism 
follow the same lines as that for 50 kV service 

The quantity of oil necessary for a breaker of this 
size makes it impossible to move the tanks for contact 
inspection, so that floor mounting is resorted to, and 
a manhole provided for access To prevent sweating, 
the bottom is raised slightly and ventilating openings 
are provided to enable painting to be done when 
necessary Attention is drawn to the jacking and sling- 
ing lugs used in erection and also to the concentric 
ribs welded inside the dished tank bottom, to give a 
grip for the feet when working mside 
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The pull rods coupling the three units pass through 
large pipes for weather protection To prevent gas 
formed m one tank from passing to its neighbours, 
these outer pipes do not terminate in the air space 
above the oil, but m a separate box through which 
a rotating shaft transmits movement to the lifting 
mechanism This gives a perfectly gas and flame-tight 
construction 

The mam contacts are of the wedge pattern, but 
supplementary quick-breaking arc contacts are used 
as well A positive catch which is not subjected to 
electrical wear and which cannot let go till the mam 
contacts have separated several inches, is incorporated, 
m addition to using powerful accelerating springs m 
the magnet housing The details of this will be clear 
from Fig 22, which shows the contacts and corona 
shield m shadow 

The patented contact and bushmg mounting is note- 
worthy A porcelam sleeve is suspended from a flange 
casting resting on the cover opening and at the lower 
end carries the fixed contacts Within the flange cast- 
mg the bushmg current transformers are supported 
The condenser bushmg itself is carried on a second 
flange, which rests on the cover of that carrying the 
porcelain sleeve The porcelain acts as a shield for the 
exposed micarta suifaees and is filled with oil inde- 
pendently of that m the tank proper, so that carbon 
or other impurities m the latter cannot possibly get 
near the edges of tinfoil A flexible conductor is fixed 
to the contact block, taken through the tube on which 
the bushing is wound, and connected directly to the 
top metal fitting on the bushmg It is thus possible 
to set up all contacts in the factory and yet ship the 
bushings packed separately The gam m working time 
is more marked if it is ever necessary to change a 
bushmg on site, smce with all other designs changing 
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bushings necessitates removing the oil so that contacts 
can again be set up, and, of course, the precise location 
of the bushing is a matter of much greater importance 
In very important stations it is sometimes the prac- 
tice to run permanent oil filling and draining buspipes. 



Fia 22 Snap Break Contact of Metropolitan -Vickers 
154kV Circuit Breaker 


which connect to the large valve shown A small pet 
cock is placed next this valve so that oil may be drawn 
off m small quantities for test 

Ferguson Pailin, Ltd. In Fig 23 is shown this Com- 
pany’s standard circuit breaker for 37 kV mounted 
upon the pipe framework used in installation. The 
three poles are built up as entirely separate units, and 
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rather unusually, the closing solenoid and trip mech- 
anism are introduced between two umts and do not 
drive from the end, as is usual. Apparently, the object 



Fig 23 Ferguson Patlin 37 kV Oil Circuit Breaker 

is to reduce the twist on the operating shaft which 
runs through all three pole units A proper bearing 
for this shaft m the sides of each top casting serves 
to prevent gas passmg from unit to umt 
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It will be noted from the illustration that the moving 
contacts are carried on an insulated crosshead, which 
in turn is raised or lowered by steel links at the sides 
Guide rods dependent from the top casting serve to 
constrain the crosshead along a truly vertical path and, 
at the same time support the acceleratmg springs, 
clearly visible in the illustration The design is one 
which puts the insulation in compression only, but as 
micarta is used for the purpose, there is no marked 
gain, in safety The reason for placmg the insulation 
in this manner is, no doubt, because thereby parallel 
motion links under the top castmg are avoided, leaving 
greater space for ring-type current transformers 

The main and arcing contacts are of wedge pattern, 
and the terminal insulators of the condenser type, 
protected with a single -piece porcelain weather shield 
The elliptical tank sides are solid drawn steel, with a 
dished bottom welded on A channel steel band is 
welded round the tank at the point opposite the arc 
contacts, where the maximum shock due to gas 
generation is felt 

In Figs 24 and 25 is illustrated the highest voltage 
circuit breaker built for frame mounting It will be 
apparent that the general lines t>f construction are not 
unlike these for the 37 kV unit, just noted, due allow- 
ance being made for the greater clearance necessary A 
circular tank gives that extra clearance needed to retain 
the insulated crosshead construction at higher voltages 

In this, and the higher voltage designs, both the 
crosshead itself and the bridging contact arm are insu- 
lated with bakelite micarta This is one of those cases 
referred to on a previous page where two systems 
of dielectric are placed in series The clamp holding 
the one to the other forms the intermediate conductor 
plate The design is an extremely difficult one to cal- 
culate so as to get a proper distribution of voltage, 
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although, of course, the arrangement is perfectly sound 
where this point has been checked up experimentally 
The right-hand view m Rig 25 shows clearly the 
scissor -like arrangement of levers which balances the 



Fig 24 Ferguson Pa tun 88 kV Oil Circuit Breaker 
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lifting forces equally on both ends of the insulated 
crosshead and also the long sleeves which guide the 
crosshead on the side rods Attention is drawn to the 
manner m which the reciprocating movement of the 
operating rod is changed to a rotary one at the angle 
of the first cranked levers The way shaft for these 
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Fig 26 Gas Vent foe Ferguson Pailtn Circuit Breakebs 


levers passes through the sides of a cast pocket attached 
under the top In this way gas inside the switch is 
prevented from escaping except via the proper vent 
The venting arrangements merit some special atten- 
tion In Pig 26 is given a sectional drawing of this 
device Oil and gas enter side ports m the outer shell, 
whence the gas is constramed to pass upward through 
a passage filled with marbles or small pebbles These 
oppose the passage of oil, while allowing practically 
free egress for gas The trapped oil drips back into 
the oil tank, while gaseous products pass out through 




is adhered to, as are all the main features mentioned 
previously The circuit breaker top is of cast steel, and 
is held in position by long steel bolts anchored m the 
base casting The separable top is a feature of value 
only during manufacture, smce on site it is hardly 
practicable to lift so large and heavy a piece durmg 
ordinary maintenance work For the latter a manhole 
is provided 




groove at the end of each arcing contact finger The 
mam contact wedge travels several inches before this 
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snap break reaches its full extension, the actual break 
ocourring when the crosshead has already acquired 
considerable speed 

British Thomson-Houston Co., Ltd. The apparatus 
built by this Company covers the same field as that 
already reviewed The lower voltage range is typified 
by Fig 28, which shows the standard frame mounted 
33 kV unit Here, agam, three entirely separate pole 
units are employed, these bemg coupled by a torsion 
shaft running through the top castmgs Operation may 
be by solenoid (as shown) or by means of motor-driven 
fly -balls m those positions where only altematmg cur- 
rent is available for auxiliary service 

As usual, the bushmgs pass through ring -type current 
transformers carried on the circuit breaker top 

The contacts are of the wedge pattern where the 
breaking duty is moderate, but when high interrupting 
capacity is necessary the explosion pot, referred to m 
some detail later, is added 

Fig 29 is a sectional view through the 88 kV circuit 
breaker, which the makers regard as bemg on the 
border line in the matter of weight, and are prepared 
to mount on the floor or on a framework, according 
to the users’ needs This drawing shows excellently the 
broad Imes of standard construction The tank is 
cylindrical and of welded steel plate, with dished bot- 
tom A cast steel top plate, fastened to the tank by 
numerous short bolts, carries the bushmgs and contact 
lifting mechanism 

The parallel motion link gear in each pole is coupled 
to its neighbours by a pull rod which travels m a gas- 
tight casmg, separate from the circuit breaker mtenor 
The movmg contacts are carried by a micarta rod, 
lateral movement of which is limited by a V-shaped 
guide, made of oil impregnated wood and dependent 
from the top cover 



Oi l Level 



Arrangement of tank suitable 
for floor mounting 


Fig 29 B T -H 88 aV Ojx Circuit Breaker 
38— (5601) 
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Fia 30 B T -H On.-riLiJED 
Bushing with Current 
Transformer 


The explosion pot 
type of contact is shown 
m section on the left- 
hand terminal A 
spring-mounted, ring- 
shaped contact is 
located in the upper 
part of a strong steel 
cylinder, all surfaces 
of which are heavily 
insulated The moving 
contact is a long brass 
or copper rod, which 
passes up through the 
insulated throat piece 
and enters the rmg 
contact As the circuit 
breaker opens, the arc 
is first drawn mside the 
steel cylinder (which 
naturally is filled with 
oil) and gas is liberated 
therein Its egress is 
practically blocked by 
the moving rod, how- 
ever, on which the 
confined gas exerts ex- 
tremely high pressure, 
ejecting it rapidly from 
the throat piece The 
device then acts as a 
gas-spring, giving a 
quick break action, the 
acceleration varying 
with the current inter- 
rupted The arc is not 
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necessarily quenched within the explosion pot, although 
at moderately high voltages this does occur 

The bushings used m this and other circuit breakers 
for the higher voltages are of the oil-filled type and, 
as will be seen from Fig 30, an enlargement of the 



earthed central flange ingeniously provides accommo- 
dation for the current transformer, the diameter of 
which by this means is kept down nearly to that which 
could fit over a corresponding condenser type terminal, 
while the necessary opening in the circuit breaker top 
is not enlarged at all It is, of course, arguable that 


SWITCHGEAR DIMENSIONS 


kV 

Fig 

Breaking capacity to suit 

Average requirements 

Extra large requirements 

A 

B 

c 

D 1 

A 

B 

C 

D 



ft in 

ft 

in 

ft m 

ft m 

ft m 

ft m 

ft m 

ft in 

22 

1 

9 3 

3 

4 

8 9 

2 3 

— 

— 





37 

1 

10 3 

4 

- 

9 10 

2 0 

14 9 

4 0 

11 9 

4 - 

50 

1 

13 5 

4 

3 

12 - 

4- 

15 4 

4 0 

13 11 . 

4 0 

73 

1 

15 - 

4 

10 

12 7 

4 3 

18 4 

6 7 

10 11 , 

4 11 

88 

1 or 2 

15 - 

4 

10 

12 7 

4 3 

20 1 

5 7 

10 11 

5 6 

110 

2 

25 - 

6 

— 

15 6 

8 - 

— 

— 




132 

2 

27 - 

7 

- 

10 5 

9 - 

— 

— 





154 

2 

27 - 

7 

— 

17 7 

9 - 

— 

i — 

— 

— 
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in such a location the current transformers are rather 
inaccessible, but access m practice is not often necessary 

Fig 31 illustrates an unusual form of mounting, the 
complete circuit breaker with its solenoid bemg slung 
on a low truck, which can be rolled over a pit, and the 
tanks there lowered by the self-contained winch gear, 
when necessary to mspect contacts This arrangement 
gives all the access facilities necessary, since the con- 
tacts on very high voltage circuit breakers suffer 
damage less frequently than those on generatmg voltage 
apparatus, but, at the same time, the structure height 
is not unduly mcreased 

Dimensions. Frequently it is necessary for supply 
authorities’ engineers to form some preliminary idea 
of space requirements, while matters are yet in too 
vague a state to ask for manufacturers’ definite pro- 
posals To assist such work the table facing has been 
prepared The dimensions given therein are compiled 
from the data of the four British firms who specialize 
m this class of manufacture, and m each case the largest 
dimension has been tabulated Rough drawings based 
on these figures will, therefore, certainly show sufficient 
space to accommodate apparatus built by any British 
maker 


LIGHTNING ARRESTERS 

It is doubtful if any terms are more loosely used 
by engineers than “ lightning ” and “ lightning ar- 
resters ” The former is made to embrace anything 
from a mild switching surge up to a direct stroke of 
lightning occurring during a tropical storm, while there 
are sold under the name of lightning arrester, devices 
which would probably be blown to pieces by any 
impulse at treble system voltage, and devices which 
can be relied upon to clear the system from anything 
short of lightning striking the apparatus itself There 
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is no known, device whicli can be guaranteed 100 per 
cent effective. 

Money spent on lightning arresters can only be re- 
garded as capitalized insurance premiums The sum it 
is justifiable to spend depends on the value of the plant 
to be protected, the co mm ercial value of continuity 
of service, and on the probability of lightning occurring 
The latter consideration is important The writer 
knows at least one case of expensive arresters being 
installed m a place where lightning has never been 
known The first step, therefore, is to consider fully 
and carefully all of these factors 

Switching operations usually give rise to over- 
potential surges, if the associated system has any great 
reactance and capacity The frequency and amplitude 
of such surges both are higher than that of the supply, 
but, as a general thing, the over -potential is not great 
enough to damage connected apparatus Occasionally, 
it will happen that the Ime characteristics are of values 
tending to resonance at particular points The con- 
dition naturally makes itself obvious quite soon, and 
smtable protective gear can then be installed at these 
nodal pomts To mstall surge arresters on all feeders 
right at the outset is an unwarranted extravagance 

It has already been stated that nothing has yet been 
devised which could be relied upon absolutely if light- 
rung struck the line close to it A direct strike would 
raise the potential locally so high as immediately to 
shatter adjacent insulators, and thus discharge to 
ground without traversing the line to any extent. The 
gambling chances of lightning striking the line or out- 
door switching apparatus close up to the arrester are 
so shght that disability to deal with such occurrences 
is not in itself a reason for at once deciding agamst 
installation of protective equipment 

Induction by cloud-to -cloud discharge is possible, but 
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not very probable The most common cause of over- 
potential due to atmospheric conditions is as follows 
A cloud which is electrostatically charged will induce 
a corresponding and opposite charge in the line beneath 
If the cloud discharges (by hghtnmg stroke), the bound 
charge m the line is released and progresses in both 
directions along the line as a high potential wave with 
very steep wave-front The chances are in favour of 
this particular class of over-voltage doing most damage 
to transformer and connected apparatus, since it moves 
rather m the form of a tidal wave, umdirectionally, 
and may easily pass insulators without causing them 
to flash-over, only causing trouble when it meets the 
reactance of a switching or transformer station Here 
it gets reflected back, and possibly becomes oscillatory, 
and of even increased magnitude In districts where 
lightning storms are prevalent, protective gear is usually 
necessary to cope with over-potential due to this cause 
There comes, also, a consideration of the type of line 
construction adopted, and the system voltage Where 
steel poles or towers are used, standing on soil which 
gives good electrical connection with earth, and when 
an overhead earth wire is run from pole to pole, this 
in itself forms a very effective protective arrangement 
When the system voltage is high, although the insu- 
lator factor of safety may be no greater than on a 
low-voltage line, the actual margin of voltage rise 
necessary to produce flash-over is greater The ampli- 
tude of the cloud-mduced wave is not affected by the 
system voltage, however, and, consequently, troubles 
are to be expected much more frequently on the lower 
voltage lines As a fact, a great number of the systems 
at 100 kV upwards in all parts of the world are to-day 
operated without any lightning protective devices other 
than the overhead earthed wire above the lmes 

The effect of “ arrester density ” has no direct bearing 
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when dealing only with super-generating voltage appar- 
atus, but it may be mentioned in passmg In certam 
countries even urban distribution is carried out over- 
head, with small transformers at frequent intervals At 
each transformer is installed an “ arrester ” of extremely 
limited discharge capacity Taken singly, these things 
are of very little practical value m protectmg the trans- 
formers It has been found , however, that where a large 
number of them are installed in a small area, very little 
trouble is experienced, no doubt because of the num- 
erous parallel paths to earth which are afforded 
Horn-type Arresters. Many firms to-day build var- 
iants of the horn-type arrester which was originally 
designed by Siemens and Halske Essentially they are 
all the same, and consist of a parr of branching metal 
horns approaching each other at the bottom, and having 
m senes a resistance which may be a water column, oil- 
nnmersed metal wire or rods of carbon, carborundum, 
or other composite material The horns are separated 
by an air gap of such length that a voltage of, say, 
50 per cent above normal will jump across In this way, 
overpotentials are shunted to earth, and, provided the 
current ]s not excessive, the arc will be carried up the 
horns, and be ruptured when the overvoltage is relieved 
Experiment has shown that the limit of current is 
about 10 amp As a rule, the resistance value is such 
as to keep the current down to not more than 5 amp 
when system voltage is impressed The thermal cap- 
acity of the resistance element determines the frequency 
with which the arrester can discharge 
Burke Arrester. This is a modification of the usual 
horn, design, in which, as will be seen from Fig 33, 
the choke coil is incorporated, this bemg made of 
triangular “ pancake ” form so that one side can 
function also as a horn Because of the sharp bend 
which occurs in the coil at the air gap, high-frequency 




(Metropolitan- Vickers) 
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waves tend to increase in amplitude, and for a given 
spill-over voltage, a larger gap can be used, a distinct 
advantage, especially in msect-ridden lands 

The Burke design lends itself admirably to small 
sub-station layouts, as a study of the succeeding pages 
will show 

Multi-gap Arrester. The multi-gap arrester also is 
one of the well-known designs, consisting as it does 
of a number of small gaps in series with a limiting resist- 
ance, a second resistance paralleling the first and also 
some few of the gaps This arrester usually has a dis- 
charge capacity of about 20 amp , but, although in this 
respect better than the horn, the construction does not 
lend itself to outdoor work Moreover, it is bulky and 
relatively expensive when built for the higher pressures 

Electrolytic Arrester. This was the first arrester de- 
signed to have a really useful discharge capacity, some- 
thing of the order of 1000 amp For many years it 
held premier place, despite the fact that it required 
daily attention to reform the insulating film, and that 
at all times it called for quite expert and careful main- 
tenance Although there are many systems which still 
rely solely on this device, it is no longer regarded as 
a regular product The modern equivalents are the 
oxide film and auto-valve types, which are both much 
less delicate and do not call for daily attention 

Oxide Film Arrester. This arrester was mtroduced 
by the General Electric Co of America in 1918 It is 
built up in two forms, having discharge capacities of 
1000 and 250 amp respectively, applied according to 
the importance of the service to be protected The 
larger equipment is built of a number of standard unit 
assemblies, each of which comprises an insulating rmg 
on each side of which is fastened a sherardized steel 
plate The space within the rmg is thus completely 
boxed m The inner surfaces of the steel plates carry 
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a coat of insulating varnish very carefully applied to 
a definite thickness The interior space is filled with^' 
lead peroxide This material is' % 

tor until it is heated, when it changes to ^ 

insulating red lead ' ^ 

If, between the steel plates, a sufficiently high voltage 
is applied to puncture the varnish, current will flow, 
but m so doing it heats the lead peroxide through 
which it passes and converts it to red lead, which seals 
the puncture, and stops the passage of current It is 
clearly only a matter of careful manufacture to ensure 
that each of these units will have a standard puncturmg 
or critical voltage, and thus it is only a matter of 
assembling a suitable number m series to secure a 
protective device suited to any system pressure Three 
of these sets of units are used, a covered sphere-gap 
bemg inserted between them and the lmes themselves 
The form havmg the lesser discharge capacity is 
known as the pellet type, from the fact that the elements 
consist of pills of lead peroxide coated with varnish 
These are poured mto an insulating tube, which has 
metallic plates top and bottom m contact with the pills 
As m the larger type, an air gap comes between one 
of these plates and the line In this design each pellet 
is a mmiature of the separate units of the larger form, 
and it is purely a matter of experiment to find a suitable 
diameter and length for the contamer, to put sufficient 
pellets m senes and m parallel to suit any given system 
voltage and required discharge capacity 

Auto-valve Arrester. The auto -valve arrester was 
first marketed by the Westmghouse Co in 1923 A 
number of fiat discs made of a composite resistance 
material are stacked one above another, each bemg 
sepai ated from its neighbours by a very thin mica ring 
The resistance discs are thus in series with numerous 
small enclosed air gaps It is characteristic of such 
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It is claimed for the auto-valve principle that the 
arresters have unity impulse ratio, 1 e are unaffected 
by the steepness of the surge wave-front, while the 
presence of a solid dielectric in the varnish film of the 
oxide film type must necessarily make the impulse 
ratio higher than unity, so that 
operation is a trifle slower on 
steep -fronted waves The present 
writer has no laboratory experi- 
ence to confirm or refute this 
claim It is a fact, however, that 
the two types are undoubtedly the 
best devices yet available for 
giving protection against over- 
potential troubles 

MISCELLANEOUS APPARATUS 

Isolating Switches. Apart from 
obviously necessary changes m 
insulating means and m length 
of break, isolating switches for 
higher voltage work differ from 
those used on lower voltages 
mainly in mechamcal arrange- 
ment In the following paragraphs 
are described the main variants 
employed, and their particular 
functions 

Single-pole Switches. These are used with the closed 
blade either vertical or horizontal In the former case, 
the insulators may have their axes horizontal, or set 
at an angle of 45° as m Eig 35 Horizontal msulator 
posts, built of pin-type units, are to be deprecated over 
about 66 kV even indoors where the inclination of the 
rain sheds would be immaterial, because the great 
weight of the insulator post itself is liable to overstress 



(Ferguson Pailin) 

Fig 35 Typical 
37 kV Vertical 
Blade Isolating 
Switch 
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the porcelain nearest the point of support When the 
blade is horizontal, the insulators are always under- 
slung, as indicated in Eig 36 

On high-voltage work isolators must necessarily be 


t 

l 


( IiT-H ) 

Fig 36 Typical 37 kV Horizontal Blade 
Isolating Switch 



located high up, and it is important that proper means 
be provided for the reception of the operating hook 
stick The loop, if one is used, must be quite large, 
although a simple cross piece riveted to the blade is 
probably the easiest thing to catch hold of, either when 
closmg or opening the switch 

In the following table are given maximum overall 
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dimensions, which, if worked to, should ensure that 
any make of switch will go into the space allowed — 


ISOLATOR DIMENSIONS 


kV 

Vertical blade 1 

i 

Horizontal blade, under 
slung 



A 

B 

C 

D 

A 

B 

\ 

0 

D 


ft 

in 

ft 

in 

ft 

in 

ft m 

ft 

m 

ft 

in 

ft 

in 

ft 

in 

11 

2 

11 

2 

3 


9 

1 6 

2 

6 

1 

9 


9 

1 

6 

22 

3 

3 

2 

4 


10 

1 6 

2 

9 

1 

11 


10 

1 

6 

37 

4 

6 

2 

7 

1 

- 

1 11 

3 

4 

2 

2 

1 

_ 

1 

9 

60 

6 

2 

2 

8 

1 

2 

3 - 

4 

6 

2 

4 

1 

2 

3 

_ 

88 

6 

2 

3 

9 

1 

6 

4 - 

6 

- 

3 

9 

1 

5 

4 

- 

no 

- 

— 

- 

— 

- 

— 

— 

6 

6 

4 

6 

1 

5 

4 

6 

132 

- 

— 

- 

— 

- 

— 

— 

6 

11 

6 

10 

1 

5 

6 

- 

164 

- 




' 


— 

7 

6 

6 

1 

1 

6 

6 




Fig 37 Key to Single pole Isolator Dimensions 


Triple-pole Switches. The difficulty of manipulating 
a long hook stick places a distmct limitation on the 
use of single-pole isolators By far the greater number 
of installations use switches with all three poles coupled 
together and operated by mechanical means from a 
distance The mechamcal drive may be by torsion 
rods, levers and tension rods, chain, wire rope, or any 
of the many means which readily come to mind The 
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ISOLATOR DIMENSIONS 


kV 


Single break 



Double break 


A 

B 

G 

D 

A 

B 

C 

1) 


ft in 

ft in 

ft m 

ft m 

ft m 

ft in 

ft in 

ft in 

11 

2 11 

1 8 

3 6 

1 6 

— 

— 

— 

— 

22 

3 0 

2 _ 

4 - 

1 9 

— 



— 

— 

37 

3 9 

2 3 

6 - 

2 - 

— 







60 

4 10 

2 7 

3 2 

3 - 

— 

— 

— 

— 

88 

6 4 

3 6 

8 4 

4 - 

5 n 

3 5 

6 - 

4 6 

110 

5 10 

4 0 

11 - 

4 6 

8 - 

4 3 

6 7 

7 - 

132 

6 6 

6 8 

12 6 

6 - 

8 4 

0 7 

0 4 

7 4 

164 

7 4 

I 

6 6 

13 - 

6 - 

8 4 

0 7 

7 - 

7 4 
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Fig 40 Key to Rotary Blade Isolator Dimensions 
39— (5601) 
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rotates, and carries the blade, giving a double 1 
This design is characterized by Eig 39 and is 
preferred from a mechanical standpoint, althoi 
introduces an extra pomt for possible electrical tr- 
In employing switches of this class, it has 



Fig 41 Metropolitan Vickers 110 kV Switch 


noted that m the double break form no risk al 
because the blades approach each other wher 
but if the single break pattern is used, care is nec 
to ensure that the blade cannot be made alive 
open, unless adequate blade -to -blade cleara 
allowed Covering overall dimensions are tabuls 
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Isolators with Vertical Blade movement provide wide 
scope for the mechanical designer, and there are num- 
erous different patterns available Among those of 



Fig 42 Reyrolle 132 kV Vertical -break 
Isolating Switch 


British make may be instanced that in Fig 41, which 
shows a switch fitted with horns, so as to render it 
suitable for breaking line charging or transformer 
magnetizing currents As a fact, such horn break 
devices have been known to break considerable powers. 
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but their action is so dependent upon wind strength 
and direction that they are usually regarded as quite 



Fig 43 B T -H 110 kV Vertical -break Isolating 
Switch 

impossible means for routine switching work In the 
design shown, the intermediate insulator rotates, and 
moves a rack eccentrically mounted on the upper end 
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This, m turn, operates a pinion keyed to the hinge 
pm of the trussed blade 

In another design (Fig 42) single-piece porcelain 


ISOLATOR DIMENSIONS 


kV 

A 

B 

0 

D 

22 

ft in 

3 1 

ft m 

1 8 

ft in 

4 - 

ft in 

3 0 

37 

8 - 

1 11 

5 - 

7 

3 

50 

9 - 

2 

3 

6 - 

8 

3 

88 

12 - 

4 

2 

8 - 

11 

3 

no 

13 - 

5 

1 

10 - 

12 

3 

132 

14 - 

5 11 

12 - 

13 

3 

154 

15 - 

6 

6 

14 - 

14 

9 



Fia 44 Key to Vertioax -break Isolator Dimensions 


posts are employed even for outdoor work In this 
case, the intermediate insulator rocks about its base 
and moves the blade by a simple link clearly seen m 
the picture In this design, a torsion shaft is used for 
coupling the poles instead of the more usual double 
levers and links so disposed that one or other is always 
in tension 
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The design employed by the British Thomson- 
Houston Co, is shown m Fig 43 The mechanical 
arrangement is not unlike that used in the previous 
device, but m this case, movement is transmitted to 
the blade through an insulatmg link built up from 
moulded units, which screw one to the other. 



Fig 45 Metropolitan -Vickers 132 kV Carriage -tyte 
Isolator 

Dimensions embracmg any of the designs shown are 
listed m the table on page 609 

The Carnage-type Isolator is a design evolved pri- 
marily to avoid need for extra clearances either above 
or beside the switch blades The most usual pattern 
follows that illustrated m Fig 45, from which it will 
be realized that the intermediate insulator is carried 
upon a wheeled truck bearing upon the base side 
channels An endless chain driven by a pinion and 
torsion shaft moves this truck to and fro, thus making 
or breaking contact 

A variation of this idea is shown in Fig 46 In this 
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case, the contacting device is not earned directly by 
the moving insulator, but is connected thereto through 
a system of telescopic tubes enclosing a spring The 
major part of the insulator travel is employed m stretch- 
ing or compressing the spring, which finally is released 



Fig 40 Reyrolue Quick Make and Break 
132 kV Carriage Switch 


and imparts a quick breaking or making action to the 
contacts Such a device, fitted with the small horns 
shown, would be quite capable of mterruptmg moderate 
currents Toggled connecting links shunt the telescopic 
tubes and carry current to the moving contaots 

The Suspension Type of Isolator , shown in Fig 47, 
is a very useful device on occasion, smee it is supported 
by the conductors themselves, and no structural work 
is required Because it is not rigidly held, however, 
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it is somewhat awkward to handle, and there is also 
quite a risk that the supporting conductor may un- 
twist slightly after some time m service, and thus move 
the blade out of its right plane Eor these reasons, the 
design is used only where alternatives are not possible 
Earthing Blades may be added to practically any 
tnple-pole isolating switch without appreciable increase 
in space occupied, the arrangement bemg used par- 
ticularly on the line side of feeder isolators, so as to 



make quite certain of the safety of men working on 
the overhead lines 

Weather Shrouding around the contacts has been the 
subject of many ingenious patents and designs While 
it is probably just as well to protect the actual contact 
surfaces of an open switch, the design has yet to be 
produced which will prevent a closed switch from 
freezing up If the contacts proper are guarded, ice 
is sure to form from guard to blade, which is just as 
serious 

The most practical arrangements are those such as 
are fitted to the switch shown m Eig 41, in which 
the switch arm is hinged at its extremity This acts 
as a toggle m opening, and exerts a sharp wrench on 
the contact faces, sufficient to break away all ice in 
that vicinity 
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Potential Transformers. As the working voltage in- 
creases potential transformers get more awkward to 
build, and, consequently, more costly Up to 50 kV, 
or perhaps, 60 kV, they may be regarded as a practical 
proposition, to be installed with the usual equipment 
of protective resistances, fuses, and isolating switch 
Beyond these limits, every effort must be made to avoid 
their use 

Means are available whereby potential transformers 
on the low side of a power transformer can be compen- 
sated so as to show correctly the high side potential, 
even when the mam transformer has tap-changing gear 

For many purposes, such as the operation of neon 
tube synchroscopes, ground indicators, etc , a tapping 
is made across the earth end unit of a string of suspen- 
sion insulators, the potential bearmg a relation to 
the voltage across the whole string which is near enough 
for such services 

The most recent device, which has already been 
applied successfully for relay and wattmeter operation, 
and winch is quite accurate m all conditions, employs 
a potential transformer connected between the earth 
band and the first foil layer of a condenser bushing, 
the potential between which is commonly of the order 
of 5000/7000 volts A phantom earth band has been 
inserted m oil-filled bushings to permit this method 
to be used where condenser type bushings are not 
available 

Current Transformers. It has already been indicated 
that ring-type transformers, threaded over circuit 
bushing insulators, are the most economical means of 
making current measurement These are necessarily 
excited by a single primary turn and, consequently, 
at low current values the ratio is not accurate In 
most cases the difficulty can be overcome by using 
relays and instruments designed to absorb 9mall energy 
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and by calibrating them with their transformer The 
practical limit of primary current to-day is about 
16 amp normal full load on 37 kV, to 60 amp on 
132 kV systems 

Wound primary current transformers can be made 
for any service voltage, and, although expensive, their 



Fig 48 Westinghouse Electrostatic Glow 
Type Potential Indicator 


design presents an easier insulation problem than does 
that of a potential transformer It is desirable to shunt 
the high-tension terminals with a non-inductive resist- 
ance, to provide a by-pass for possible high-frequency 
or steep-fronted waves 

Potential Indicators. In some countries it is com- 
pulsory to fit on all conductors in a station, devices 
which will indicate when they are under pressure The 
usual Contmental instrument is virtually a ruggedly 
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built leaf electroscope hung on the conductors Indoors 
such an instrument is quite practicable, but if it is 
located at any height, particularly out of doors it is 
quite hard to see the vane position 

As an alternative arrangement electro-static volt- 
meters have been used The high cost, coupled with 
the fact that they must necessarily be under cover, 
imposes a limit m connecting them directly to the high- 
voltage conductors, so that in the majority of cases 
the voltmeter has actually been connected to the first 
intermediate metal fitting of a convement multi-unit 
post insulator Even when this is done the arrangement 
involves running extra leads at high potential from the 
switch yard to some convement building, and as these 
leads themselves have an appreciable capacity com- 
pared with the capacity of the voltmeters, very great 
care is necessary m disposing them 

The best device yet evolved is that shown m Fig 48, 
which comprises a neon filled tube connected between 
the conductor and a bent wire, counterpoise earth 
The tube is deeply lecessed in a large insulating case 
with a window m the under side, the whole device bemg 
clamped on to the conductor m any convement position 
The glow can be seen from a distance even in bright 
sunlight The bent wire frame is supported from the 
insulating case so that this, with the conductor itself, 
constitutes a small condenser, the charging current for 
which, when the line is energized, serves to cause the 
neon to glow 

Grounding Devices. When discussing isolating 
switches passing reference was made to the use of 
additional grounding blades, the purpose of which is 
to connect to earth the dead feeder line so as to make 
quite sure that no danger can occur to men workmg 
on the line It is hardly possible to arrange similar 
devices m respect of every conductoi throughout a 
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station, but at the same time it is very necessary to 
safeguard the workers, and it should be a standing 
instruction that no man commences to work on any 
apparatus until all associated conductors are definitely 
earthed m his presence Probably the most convenient 
way of ensuring this is by the use of a length of flexible 
conductor terminating m spring clips The most popu- 
lar is that known as the “ Johnson ” type, and is 
not unlike an enlarged version of the ordinary stationers 5 
bulldog chp with flared jaws In use one end of the 
flexible conductor is attached to any convenient 
grounded pomt, and the earthing chp is then raised 
on the end of a wooden rod and hooked over the con- 
ductor which has to be earthed The rod is provided 
with a screwed end so that it can be lemoved as soon 
as the earthing chp is in place It may be noted that 
for this purpose the conductors should be continuous 
wires Chains are liable to develop insulating coatings 
over the individual lmks, resulting in very high overall 
resistance 
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SECTION XI 


GENERATING VOLTAGE 
SWITCHGEAR 

(APPARATUS AND LAYOUTS AND SWITCH- 
HOUSE DESIGN) 

INTRODUCTION 

By far the largest proportion of electric power is 
generated upon the three-phase system, and this is 
likely to be the case for many years to come Further, 
of three-phase alternators, the large majority have been 
for voltages m the neighbourhood of 6600 volts For 
small distances transmitted (say about 5 or 6 miles) 
this voltage has been sufficiently high to secure econ- 
omical transmission and, consequently, many supply 
authorities, working on the three-phase system, have 
distributed to their substations at the generator pressure 
without stepping up to a higher voltage In the larger 
cities, and m the case of power companies supplying 
large areas, 6600 volts have been found to be insufficient, 
and voltages of 22,000 and 33,000 volts have become 
common In such cases step-up transformers are used 
to mcrease the generatoi voltage to the values indicated 
When it came later to transmitting large blocks of 
power and interconnecting networks far removed from 
each other, then even 33,000 volts were found insuffi- 
cient and various higher voltages up to 380,000 have 
been used, depending on the circumstances of the case 

LIMITS OF GENERATOR VOLTAGE 

As an electric generator is of necessity an air-cooled 
rotating machine, the voltage it can be run at is limited 
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to a relatively low value An attempt lias been made 
to construct a three-phase generator to work at 
33,000 volts This design, however, is not likelv to be 
imitated to any large extent For generators of mod- 
erate size the voltage of 6600 has been found to be 
very convenient, but for the largest machines 11,000 
volts are better, and this figure generally nowadays is 
adopted One reason foi tins is the limitation fixed by 
the value of the current in amperes to be dealt with 
It is found, at 50 periods, very expensive and incon- 
venient to construct switchgear and connections fox 
alternating currents above about 3000 amp With 
currents greater than this the size of the conductors 
is so large that, owing to skin effect, the distribution 
across the cross-section is not uniform, thus the material 
is not used economically, and difficulty is experienced 
in avoiding eddy currents and gettmg the gear to run 
cool Now, 3000 amp at 6600 volts correspond to 
about 34,000 kVA, and smgle-unit machines of this 
size and larger are to-day common In these very large 
machines, therefore, a more convenient voltage is 
11,000, as this reduces the necessary size of conductors 
by 40 per cent, and is at the same time a voltage which 
does not put any undue demand upon the resources 
of present-day insulation and machine construction 
Consequently, 11 000 volts is now the usual pressure 
adopted for the large generators now used 

GENERATOR VOLTAGE SWITCHING 

Generator voltage switching can be defined as switch- 
ing on a busbar fed direct by the electric generators 
without the interposition of transformers, and such as 
is the case if the system be only a 6600 or 11,000 volts 
one 

Generating voltage switching can, however, be used 
if the system is a 33,000 volts (oi higher) one The 
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main busbars are then at generating voltage and the 
step-up transformers are fed from the bus through oil 
circuit breakers Oil circuit breakers can also be used 
on the higher voltage side of the step-up transformers 
which, of course, makes an expensive arrangement 
The Hams Hall Power House of the Birmingham Cor- 
poration is designed on this principle, but no oil switch 
is used on the higher voltage side of the step-up trans- 
former (see Fig 1) The more usual arrangement now- 
adays for very big stations is, however, to dispense 
with generating voltage busbars altogether In this 
case each generator has its own bank of step-up trans- 
formers, and this, together with the genciatoi associated 
therewith, can be regarded as one unit (see Fig 2)* 
This is the cheaper arrangement, and experience shows it 
is altogether satisfactory The fears that such a scheme 
may cause resonance conditions to be set up are 
groundless Both m America and on the Continent the 
trend of opinion is decidedly against generating voltage 
switching m new really large power houses In many 
cases, however, local conditions lequire generating 
voltage switching, and m the following pages the prin- 
ciples underlying such switchgeai are dealt with 

BREAKING CAPACITY OF GENERATOR 
CIRCUIT BREAKERS 

If an alternating current generator be suddenly 
short-circuited a very large initial lush of current 
occurs durmg the first small fraction of a second , this 
is followed by a rapid diminution of the current flowing, 
and m a second or two the short-circuit current will 
only amount to about two or three tunes the full-load 
rated current of the machine This sequence of events 
is illustrated m Fig 3, which gives the lesults of tests 

* The ^oss connecting cables shown at X (Fig 2), are only intended 
to be used in case of emergency 
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made on a machine at the Carville station of the New- 
castle Electric Supply Company Owing also to a 
phenomenon known as the doubling effect, the initial 
instantaneous short-circuit current is not the same m 
all three phases, whereas the sustained short-circuit 



Fig 3 Flow of Current in Sudden Short circuit or 
4000 kW 5800 yolts Three-phase Turbo -alternator 
(F ull load current, 400 amp ) 


current (flowing after 2 or 3 seconds) is equal m all 
phases provided, of course, that the resistance in the 
path of the current is equal m all phases 

Now, the current which a generator circuit breaker 
is called upon to rupture is, generally, not the initial, 
almost instantaneous, current, as no make of oil circuit 
breaker (the type almost universally used) operates 
quickly enough to do this Moreover, it is not desirable, 
as will be seen later, that the generator short circuit 
should be ruptured as quickly as this In the case of 
some machines, such as rotary convertors, the opposite 
of this is aimed at by the use of high-speed breakers 
This is to prevent commutators flashing which, of 
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course, does not arise with an alternator The fact 
that an oil circuit breaker takes sufficient time to func- 
tion to allow the initial short-circuit condition to be 
over before operation takes place is beneficial, as the 
duty imposed upon the breaker is thereby lessened as 
the current actually broken is less It is found that, 
provided no intentional time-delay mechanism is used, 
the current actually broken when a dead short-circuit 
on an alternating current three-phase generator is 
interrupted by an oil circuit breaker, is about six times 
full load current Of course, this value vanes with the 
design of the machine, but six times is a good average 
figure, and this figure is generally adopted for deter- 
mining the required rupturing capacity of a generator 
oil circuit breaker Thus, if there be two 10,000 kW 
generators feeding on to a busbar (with no other syn- 
chronous plant m the system), then the required break- 
ing capacity of each circuit breaker on the busbars 
would be six times 20,000, that is to say, 120,000 kVA 
This gives a very easy rule for determining the neces- 
sary breaking, or rupturing, capacity of an oil circuit 
breaker in a generating station It is true any syn- 
chronous plant m the substations, by feeding back, 
will increase the possible short-circuit Generally 
speaking, owing to the reactance of interposed plant, 
this addition is but small and will be covered if a 
reasonable margin (say 25 per cent) be allowed in the 
circuit-breaker rating It must be added that all the 
breakers connected to the same busbar should be equal 
to each other m breaking capacity, no matter what 
circuit they control, as it is obvious they may be equally 
stressed by short-circuits To lessen the cost of this 
arrangement, feeders are sometimes provided with 
smaller breakeis but m this case they should be con- 
nected to an auxiliary busbar which should be itself 
protected by a larger group circuit breaker This is 
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quite a sound scheme and is often adopted in modern 
working 


TYPES OF SWITCHGEAR 

If there be one branch of electrical engineering an 
which Great Britain undoubtedly takes the lead, it is 
m the design of alternating current switchgear for 
voltages of 3300 to 11,000 volts In fact, there is quite 
a bewildering choice of types, a state of affairs that 
exists among the manufacturers of no other country 
Most of the underlying principles of modem switchgear 
were first enunciated m this country The cellular con- 
struction of Ferranti , compound-filled switchgear of 
Reyrolle , truck switchboards , all these originated 
heie On the other hand, the credit for the develop- 
ment of the isolated phase system belongs to the 
United States of America The various types of switch- 
gear now being considered may be enumerated as 
follows — 

1 Cubicle Type Simple and subdivided cells, 
interlocked type, track gear 

2 Cellular Type Fireproof (concrete or brick), 
cellular and compound-filled combined 

3 Metal-olad Type Compound and oil-filled 
types 

4 Isolated Phase Type 

CUBICLE TYPE SWITCHGEAR 

Cubicle switchgear is the simplest type which is 
permissible for use m this country for 3300 volts and 
above On the Continent, switchgear of the open type 
is often used for these voltages The clearances, it is 
true, are often large, but the possibility of the un- 
hindered spread of fire, added to the undoubted greater 
danger to life would not be tolerated here Moreover, 
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the Home Office Regulations do not permit of its use 
Steel cubicle switchgear is suitable for voltages up to 
11,000, and with oil circuit breakers, up to about 
150 000 kVA breaking capacity 

These hunts have been exceeded occasionally, but 
it is better, in such cases, to use a more highly-developed 
type 

The simplest form cubicle switchgear can take is the 
enclosure of all hve parts, panel for panel, within steel- 
plate cells or cubicles, the indicating instruments, oil 
circuit breaker handles, etc being on the front If 
space be restricted the doors for giving access to the 
interior may be on the front also, generally so con- 
structed that they can be opened without disturbing 
the oil switch Such a cubicle switchboard is illustrated 
in Fig 4 

AH switchboards of whatevei type must be provided 
with means of isolating the oil circuit breakers from 
the busbars After opening these isolating links the oil 
circmt breakers can, generally speaking, be handled 
and cleaned, etc If instruments and the like are 
mounted on the upper front plates which cover the 
busbar section of the cubicle, it is cleai that the back 
termmals and the connections to the instruments, 
cannot, unless some appropriate construction be 
adopted, be got at safely while the busbars are alive 

Fig 5 shows a method for dealing with this difficulty 
It will be seen that the instruments are mounted on 
a lunged plate On swinging this plate open the back 
terminals can be inspected m perfect safety, as a second 
protecting door is arranged inside the cubicle behind 
the front one, and this effectively screens the high- 
tension connections This second door oi screen is 
pieferably made of expanded metal, enabling the inside 
gear to be mspected It can be itself hinged and 
secured with a padlock 
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Frc 4 Exampll or Cubicle Switchgear 
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A fax bettci geneial airangement of a cubicle switch- 
board is to have back lathci than front access The 
vanous subdivisions of the cubicle have then 1 respective 
back doors accessible fiom a passage at the back of 
the switch boaid The anangement of lunged front 
plato, carrying the upper mstiuments (see Fig 5), is 
also desirable with back-access cubicles 

All cubicles have to be subdivided in oidei that 
they may be safe and comply with the Home Office 
Regulations 

If the isolating links are opeiated by means of a 
pull-i od aftei opening a dooi, which is an excellent and 
simple anangement, it is necessary that the link com- 
paitment be sepaiated both fiom the busbar compart- 
ment and from that containing the oil circuit breaker 
The Home Office Regulations require, moreovei, that 
the door of the link compartment shall be shut before 
any woik be done m the oil cucuit bleaker compart- 
ment Tins is because the link compartment contains 
paits winch die connected to the busbar and which 
may be alive, even when the links are m the off position 
Jt is veiy clesuable, howevei that access should not 
be possible to the oil-breakei compartment until the 
link compaitment has been pieviously opened thus 
drawing the attention of the opeiator to the possibility 
of closed links 

INTERLOCKING ON CUBICLE SWITCHBOARDS 

Many ingenious devices are used to secuie vanous 
degiees of mtei lock on cubicle switchboaids For 
example a mechanical connection may be ananged 
between the oil Ineakei and the isolators, so that these 
lattoi can only be opened when the fonnei is in the 
kk off ” position If the isolating links aie pull-rod 
operated (1 e by means of an insulated long aim from 
tlic outside), tins form of inteilock is not necessary 
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' J | The greatest possible simplicity m mterlocking arrange- 

' ments is very desirable This can be attained in cubicle 

| ■! interlocking as follows — 

SIMPLE CUBICLE INTERLOCK 

, The door |"covermg the oil -breaker compartment 

f 1 should be provided with a catch so arranged that this 

door cannot be opened until that covering the isolating 



Fig 6 Method or Interlocking Oil Circuit-breaker 
Compartment Door with th\t Covering Isol \tfng 
Link Cell 
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links has been previously opened Thus, the attention 
of the operator is drawn to the fact that the breaker 
may be alive Otherwise, he might, without thinking 
expose and handle the live parts It is also possible, 
by a very simple arrangement, to prevent the circuit- 
breaker door being opened until the breaker itself has 
been opened , thus, danger of breaking circuit on the 
lmks is prevented It should be possible, however, to 
reclose the breaker while its door is open, the links 
having previously been opened This is necessary for 
adjustment purposes The isolating links having been 
opened it must be possible to reclose the isolating link 
compartment door, leaving, however, that of the cir- 
cuit-breaker compartment open On reclosmg the 
latter, however, it must only be possible to open it 
agam by gomg through the sequence of first opening 
the door covermg the isolators 

These arrangements, which give a high degree of 
safety combmed with maximum simplicity, are illus- 
trated m part m Fig 6 It will be seen that the lunged 
catch A , both doors being shut, prevents the lowei 
door, on which the catch is fixed, bemg opened until 
the upper one has been first opened The catch A can 
be rotated out of engagement with the upper door by 
means of the handle C This is, however, only possible 
when both doois are open, as m the closed position 
the abutment B, which is fixed to the ngid cubicle 
frame, prevents rotation of catch A When both doors 
are open then C is turned and the upper clooi can be 
reshut, leavmg the bottom one open 

CUBICLES WITH EXTERIOR-OPERATED 
ISOLATING LINKS 

In this type of cubicle (compare Fig 4) the isolators 
are operated by an external handle or handwheel 
The object of its u^e is to allow less skilled attendants, 
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as access to live metal, provided everything is m proper 
working order, is absolutely prevented Naturally, a 
complete system of interlocking, which should be 
mechamcal and not electrical, is necessary so that 
the sequence of events m obtaining access to the 
circuit breaker must be — 

(а) open circuit breaker , 

(б) open links , 

(c) open circuit breaker compartment door , 
with the reverse of this after the inspection As often 
arranged the scheme has the disadvantage that it is 
not possible to see that the links are open This can 
be obviated by having a glass panel in the link door 
which, however to a certain extent, detracts from the 
safety agamst fire of the board 

TRUCK SWITCHBOARDS 

In this type of board all the apparatus foiming a 
panel, with the exception, of course, of the busbars 
and the isolating contacts associated therewith, are 
mounted on a wheeled carnage or truck The whole 
can then be wheeled away for cleaning and inspection 
with a high degree of safety The compartment from 
which a tmck has been removed must be completely 
enclosed with metal and must be provided with an 
automatically closing device or shutter to cover up 
the contacts connected to the busbars with which the 
projecting jaws or plugs on the truck make connection 
on wheeling the same m 

Naturally, also, it must not be possible to pull a truck 
out until the circuit breaker has been opened, nor to 
push in the truck with the breaker closed A very 
simple mechanical device ensures these conditions 
Fig 7 illustrates such a wheeled truck as described 
above, with a framework made entirely of steel 
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( Enyfihh Electric Co ) 

Fig 8 High tension Ore Switch, Blackburn (East) 
Power Station, Showing Separation or Phases 
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CELLULAR TYPE SWITCHBOARDS 

The term cellular type is generally applied to those 
switchboards built up of bnck or stone m the form 
of cells, m which the various pieces of apparatus are 
placed more or less isolated (m the mechanical sense) 
from each other 

The greater this relative isolation the safer is the 
arrangement Important boards are generally arranged 
with phase separation, that is to say, each phase is 
separated by a fireproof wall 3 or 4 inches, or more, 
thick Fig 8 illustrates how this is done m the case 
of an oil circuit breaker This phase separation is 
particularly desirable in the space ]ust above an oil 
circuit breaker The reason of this is the habihty of 
arcing across between the bare terminals of the breaker 
at the mstant of operation under heavy short-circuit 
This is sometimes attributed to the fumes or gases 
emitted from the oil tank at that moment It is 
doubtful, however, if this is the real cause of this 
phenomenon One possible explanation is that it is a 
land of electrical water-hammer effect causing a p ilin g 
up of potential at the breaker due to the sudden rupture 
of the circuit Whatever may be the cause, bare tei- 
minals on a large important cubicle-type circuit breaker 
should never be allowed The insulation placed on the 
conductors leading to the circuit breaker need not be 
high , nothing approaching the value which would be 
necessary to insulate the conductors from earth 
Several layers of msulatmg tape, on a 6600 volts 
circuit, are sufficient This should be done, at least in 
the cell immediately above the oil circuit breaker, m 
all important installations In fact, the complete 
insulation of the conductors throughout the entire 
board is an excellent arrangement It, of course, adds 
considerably to the cost, and is, therefore, often 
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Fig. 0 Genehaj., Vu \v oi Mica-ins ulati' n Bubbars 
Taken in Nech]*lis Power Station, Birmingham 






( General Electric Co , Ltd ) 

Fig 10 Cross Section of Cubicle Switchgear at Prince’s Power House, Nec: 

Birmingham Corporation 
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omitted The cubicle type of switchgear of the Prince’s 
Generating Station of the Birmingham Corporation 
(see Eig 9), is a good example of this system Every 
conductor throughout the board, with the exception 
of the isolating links, is covered with a layer of cured- 
on micamte At jouits m the connections and busbars 
this secondary insulation takes the form of bakelite 
boxes fitting over the clamps and bolts The micamte 
insulation itself is sufficient to withstand a specified 
test voltage of 20,000 volts, but is not relied upon for 
the primary insulation, which takes the form of babelized 
paper busbar supports and bushes 

SINGLE-FLOOR CUBICLE BOARDS 

Large cubicle boards are often arranged to occupy 
two or more floors It sometimes happens that a good 
deal of space is wasted with cubicle boards due to the 
lack of a little ingenuity, so that cubicle boaids have 
acquired the reputation of requiring a very much larger 
space as compared with metal-clad gear than is actually 
the case It will be seen from Fig 10 which is a large 
and important installation, the lower circuit breakers 
having a rupturing capacity of 800,000 kVA, is a single- 
floor arrangement 

Eigs 12 and 13 illustrate other single -floor arrange- 
ments suitable for somewhat smaller breaker capacities 
for smgle and double busbars respectively It will be 
seen that the whole of the gear is contamed in each 
case m a smgle structure and occupies very little more 
floor space than does the corresponding metal-clad 
type , the head-room is, it is true, larger 

COMBINED CUBICLE AND COMPOUND- 
FILLED SWITCHGEAR 

A convenient method of keeping down the head- 
ioom of cubicle-type boards is to enclose the busbars 
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m compound-filled chambers This is shown m Fig 14, 
the cucuit breakers being 250,000 kVA breaking 
capacity This illustration also shows a convenient 
method of housing the potential transfoimer This is 
often a troublesome business, and sometimes complete 
panels are allocated to this purpose By mounting the 
potential transformer with its fuses and protective 
Resistances m a small wheeled truck, a veiv considerable 
saving m space results 

Tt will be seen in Fig 14 that the links are operated 
by levels from the outside, necessitating, of course a 
mechanical interlock with the oil circuit breaker It 
is better, however, to dispense with this and have the 
links pull-rod operated, and m this case no such inter- 
lock is loqmrcd Such boaids are cleaned by skilled 
attendants and the simplification resulting from the 
abolition of this kind of interlock is an advantage 
Indeed, it is this question of simplicity that causes 
many engineers to prefer the cubicle type of gear to 
the metal-clad Everything is more easily got at than 
in tins lattei type, but cubicles require more cleaning 
of insulators, etc It goes without saying that a 
]>i opcrly constructed cubicle switchboard should be 
entnely voimm-proof, and no trouble due to lats and 
mice should occm 

This soiuee of tiouble is also additionally guaided 
against by the conductors themselves being covered 
with insulation as described above (Fig 9) 

METAL-CLAD GEAR 

In this class of switchgeai all conductois are enclosed 
wit Inn metallic covers or boxes being insulated there- 
from generally by compound, although m recent years 
oil has also been used This construction natuially 
l educes dimensions somewhat, but as the mam deter- 
mining factor in the size of a switchboard is the oil 
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Fiu 14 Cubictx Switchboard with Compound 
Filled Busbars 
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circuit-breaker tank, the floor space occupied is not very 
different for equal-sized circuit-breaker tanks, the mam 



Fig 15 Metal -clad Oil Circuit Breakers, 
11,000 volts, Three-phase, 50 cycles 

Front view Drop-down isolation 


•saving being the elimination of the barriers between 
phases and between panels 

Metal-clad gear is practically always of the truck or 
drop-down type, the oil circuit breaker being isolated by 
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running it out of contact with the busbars on a wheeled 
truck or lowering it by a screw or worm-wheel arrange- 
ment for the same purpose The former method, while 
it has been used for large capacity gear, is most suitable 
for the smaller types Eor large circiut breakers the 
drop-down principle would seem to be the most ad- 
vantageous , there can be no doubt that it results m 
a saving m floor space compared with the racking-out 
variety Eig 15 illustrates an example of the drop- 
down type The busbars are shown projecting out of 
the busbar chamber ready for bolting to an adjacent 
section 

DUPLICATE BUSBARS WITH METAL-CLAD GEAR 

The method which has been used mostly m the past 
for changing over a metal-clad circuit breaker from one 
set of busbars to the other, is to withdraw the breaker 
on its runway, remove the plug contacts, say, from their 
upper contacts to the lower set (or vice versa), and then 
rack the circuit breaker in again This process takes 
some time Various other methods have been used, as 
follows — 

1 Arranging one half of the contacts of the circuit 
bleaker so that they can rotate, the same bemg suitably 
shaped so that m one position they make contact with 
one busbar, and when turned 180 degrees with the 
other Eig 16 is an example of this method 

2 Incorporating a change-over oil-immersed switch 
in the gear and interlocking it with the circuit breaker 

3 Malang the circuit breaker a double one, viz two 
bieakers m the one tank 

4 Arranging the circuit breaker to drop down out 
of contact with the one bus, then moving it bodily until 
it is underneath the other bus and then raising it into 
contact 

5 Use of two separate and distinct circuit breakers 
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per circuit, interlocked with each other so that only 
one can remain closed at a time 


Of the above methods, No 5 is the best, but is ex- 
pensive It is, however, m fact, the only safe method 



Fig 16 Busbar Selection by Rotating Contact 
Metal clad Gear 


of changing circuits over from one bus to the other 
i without breaking circuit under load 

I Nos (1) and (4) are about equally convenient, but 

I No (4) requires naturally the larger structure 

! 

I 
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No (3) has the disadvantage that both busbars are 
liable to be involved m any trouble with a circuit 
bleaker, and the cleaning of a dead busbar is somewhat 
dangerous 

No (2) is a fairly good scheme, but is nearly as 
expensive as No (5) and, moreover, it cannot be used 
with safety to change-over circuits under load. No. (5) 
system, therefore might as well be used especially as 
it is, of course, much better technically than No (2) 

It must be remembered that the two sets of busbars- 
should never be coupled, if only momentarily, except 
through a circuit breaker , they must not be coupled 
thiough the change-over switch m method (2) 

OIL-FILLED METAL-CLAD GEAR 

It is disadvantage of metal-clad gear that the 
various enclosed pieces of apparatus, e g current trans- 
formers, are, compared with cubicle gear, difficult to- 
get at as may be necessary for recahbration and the 
like, due to their being encased m compound Moreover T 
duo to the heat insulating properties of compound, the 
cui rent density of copper connections has to be reduced. 
To get over these objections oil has been used instead 
of compound, the busbars, etc , being arranged within 
oil- tight enclosures This considerably increases the 
volume of oil required and the greater fire risk must 
not be overlooked 

Oil, unfoxtunatelv, is necessary m the case of 
^witches and tiansformers, but to use it where it is* 
not absolutely essential would seem to be, on balance* 
of doubtful advantage 

OUTDOOR METAL-CLAD SWITCHGEAR 

A recent development of metal-clad switchgear is 
the outdoor type which has been used m America (see 
Electrical World 28th July, 1928, page 153, descnbmg 
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the installation at Wheaton Illinois) A cross-section 
of tins installation ]s shown m Fig 17 It will be seen 
that drop-down isolation is used, the oil circuit breakers, 
which are rated at 1,000,000 lcVA breaking capacity, 
bemg lowered for inspection or renewal by a motor - 
operated elevator Thus, separate motor opeiation for 
lowering each circuit breaker is obviated The oil cir- 
cuit breakers consist each of three tanks bolted together , 
and the layout shown m Fig 17 is for duplicate switches 
and duplicate busbars The busbar enclosures are oil- 
filled, the oil level being maintained by an oil con- 
servator It will be noticed that the potential trans- 
formers are removable by vertical isolation a transfer- 
able elevator likewise being used for this puiposc 

Instead of the usual bolts for holding the oil circuit 
breakers to the stiucture a system of clamping cams 
is used This should considerably shorten the time 
taken to remove a breaker for inspection or any other 
pui pose 

Naturally, such a form of switchgear as illustrated 
in Fig 17 must be connected up by means of cables 
These cables must m turn be connected to the overhead 
linos (if such aie used) by some form of open-air gear 
Unless, therefore, the clearances on this latter are kept 
very large, it would seem that the advantages of total 
enclosure obtained with this switchgear are, to a cei- 
tain extent, lost The complete logical solution is only 
obtained if this foim of switchgear is used with systems 
employmg armoured cables foi transmission, in which 
case no open gear comes m the circuit at all 

ISOLATED PHASE-TYPE SWITCHBOARDS 

This type of gear, which has been mostly used in 
America, is a development of the separate phase idea 
mentioned on page 635 With it each phase is con- 
tained m an entirely separate and fireproof loom 



Current 

transform 
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These rooms may be vertically underneath, each other 
or arranged side by side, as in Fig 18 Care must be 
taken, as far as possible that there is no direct metallic 
connection between the phase rooms which would 
facilitate the drawing of an arc on one phase on to 
another phase Thus, it will be seen m Fig 18 that the 
steel operating mechanisms for the breakers are con- 
tained m special flumes separated from the phase 
rooms by thick walls The whole object of the scheme 
is to prevent the possibility of short-circuits occurring 
between phases 

SHORT-CIRCUITS AND MECHANICAL 
FORCES ON BUSBARS 

The conductors of any circuit carrying an electric 
current suffer a mechanical force m that direction 
tending to enlarge the area enclosed by the conductors. 
As tins force vanes as the square of the current flowing, 
on short-circuit it can assume a very large value, and 
cases are on record of busbars, having too weak sup- 
ports, being violently forced out of their fastenings 
with, of course, disastrous results When designing a 
switchboard, therefore, it is necessary to determine the 
maximum mechanical forces the conductors will have 
to sustain, due to the passage of the maximum short- 
circuit current, and to design the supports accordingly 

MECHANICAL FORCE ON PARALLEL 
CONDUCTORS 

If d = distance in inches between the centres of the 
conductors, 

/ = amperes m conductor 
Then— 

^ 8 1 x 10- 7 I z 

Force on bar m lb pei foot run = ^ 

As an example, if / be 50,000 amp and d = 12 m 
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then the force on the bar per foot run is 168 lb Any 
other condition can be calculated by remembering that 
the force increases as the square of the current and, 
inversely, as the spacing 

When applying this formula to any particular case, 
we have to determine the value of the short-circuit 
current This must be taken as the instantaneous 
initial peak value of the short-circuit Thus, if we 
were considering the short-circuit on an alternator 
having, say, 10 per cent reactance, then, if the full- 
load current of the machine is I m amp , the value of 
cm rent to be used m the above formula would be 
2 x 1 4 x 10 X I m 

The factor 1 4 is to get the peak value, as I m is a root 
mean square value, and the factor 2 is to allow for 
doublmg effect Actually, the figure so obtained would 
be on the top side, as the doubling factor is never quite 
as large as 2 

CONSTRUCTION OF BUSBARS AND CONNECTIONS 

Busbais and connections on switchboard are best 
made of hard-drawn copper bars While hard-drawn 
bars have a slightly lower conductivity than soft copper, 
the added rigidity which hard-drawn material provides 
rendeis its use desirable 

BUSBAR SUPPORTS 

These should, if the short-circuit current to be 
withstood is large, be arranged so that they are not 
subjected to forces at right angles to their axes, as they 
are naturally weakest m regard to forces in that direc- 
tion , m other words, the axis of the support should 
be in the plane of the busbars This is illustrated m 
Fig 19, which is a particularly good arrangement 
It will be seen that the bars are supported m two 
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opposite directions , thus, the forces on the same, 
which may be up or down depending upon which 
phases are involved m the short-circuit, are counter- 
acted Busbar supports are often made of porcelain , 
for the heaviest mechanical duty, however, bakelized 
paper, which withstands shock 
better, is' a superior material, 
if the situation be a dry one 
Such a support is illustrated in 
Fig 20 The metal end-pieces 
are shrunk on, that is, they are 
bored out so that they just fit 
over when heated to about 350° 
C , on cooling they gnp the 
bakelized paper tube tightly 
The metal fitting which holds 
the busbar is of gunmetal, to 
avoid hysteresis losses , the one 
forming the foot is of malleable 
iron 



CURRENT-CARRYING 
CAPACITY OF BUSBARS 
AND CONNECTIONS 

The B E S A specification 
No 159 (1925) contains the 
following requirements as re- 
gards the allowable heating of 
busbars and connections under 
working conditions, viz a maxi- 
mum temperature use of 30° C 
for single connections, and 35° C 
for multiple busbars The measurement of temperature 
may be made with a thermometei , placing the bulb in 
contact with the bars and covering it by a piece of 
waste These temperature rises are those of the hottest 


Fig 19 Three -phase 
Busbars in Stoneware 
Ducts, Arranged for 
Mutual Support 
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spot, but places within 1^ ft of instrument shunts 
(measured lineally along the conductors) are excluded, 
as the heat from the shunts, which run considerably 
hotter, is dissipated partly m the neighbouring metal. 



Fro 2Q Double Busbar Insulator of Bakelite 
with Mioanite Insulated Busbar 


In order to guard agamst too great a reduction m 
mechanical strength (with small conductors) the 
B E S A specification also requires a maximum current 
density of 1000 amp per sq m 
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In order to keep within the limits of temperature 
nse specified above, it is necessary to vary the current 
density with the size of the bars and also according 
to whether contmuous current or alternating current 
flows through them In the latter case, moreover, the 
periodicity of the current has to be taken into account 
The reason the current density has to be lower with 
alternating current than with contmuous current is 
that with the former the current density is not uniform 
over the whole cross-section of the bar Because of 
a phenomenon known as the “ skm effect,” an alter- 
nating current always tends to flow more m the outer 
layers of a conductor than m the centre The effect 
is a maximum with conductors having a circular cross- 
section Hence, alternating current conductors are 
best made of thin rectangular strips The following 
table affords sufficient gmdance m the gieat majority 
of cases when designing busbars It is based upon a 
maximum temperature rise of 30° C usmg hard drawn 
copper strips 4m by Jm, spaced J m between strips, 
and allows for the extra heating due to the proximity 
of other conductors, tee joints, etc , as in usual switch- 
board practice 


TABLE GIVING MAXIMUM CURRENT DENSITY FOR 
CONTINUOUS LOADING OF BARE BUSBARS 


Character 

Busbar having 

a cross section of 

of 

current 

5 sq m 

4 sq m 

3 sq in 

2 sq in 

D C (amp per sq m ) 

800 

900 

1000 

1000 ) amp 

26 periods „ 

760 

860 

960 

1000 ( per 

60 periods , 

700 

800 

900 

1000 ) sqm 


Should the connections be covered -with insulating 
material, such as several layers of tape or micamte 
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cured on, then the current densities in the above 
table must be lowered somewhat (about 10 per cent) 
If, however, the bars are m compound-filled chambers, 
a considerable difference is necessary, and the following 
table can be worked to — 

TABLE GIVING MAXIMUM CURRENT DENSITY FOR 
CONTINUOUS LOADING OF COMPOUND INSULATED 
BUSBARS WITH ALTERNATING CURRENTS 


Busbars having a cross- 
section of 

Suitable current 
density (40 periods) 

sq m 


8 

360 

6 

420 

5 

460 

4 

600 

3 

600 

2 

720 

1 

1000 


HEATING OF CONDUCTORS ON 
SHORT-CIRCUIT 

In addition to the prevention of overheating of a 
conductor forming part of a switchboard when the 
normal current flows through it, another point which 
requires consideration is the sudden heatmg which will 
occur due to the passage of a short-circuit current 
It is necessary to watch this point, particularly in the 
case of small conductors connected to a heavy busbar 
If a short-circuit occur on such a light conductor near 
the busbar, the resistance m circuit may not be sufficient 
to prevent it assuming a dangerous temperature , m 
fact, such conductors may, under these conditions, be 
melted or vaporized practically mstantaneously 

As we are considering what happens m a very short 
period of time we can neglect the heat losses of the 
conductor due to radiation, heat conductivity, etc 
42— (5601) 
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The whole of the ohmic losses within the conductor 
are used to heat the mass of the conductor, and the 
temperature nse is limited only by the weight of the 
conductor and its specific heat 

Let I be the short-circuit current passing through the 
conductor, 

and G the cross-section of the conductoi in square 
millimetres, 

Then, temperature rise m degrees ) _ g ( I 
centigrade per second 1 “ ( Q 

Takmg a concrete case of a conductor having 100 sq 
mm cross-section , if this be subjected to a short- 
circuit current of 50,000 amp , it would nse 250° C m 
£ sec , that is to say, it would constitute a source of 
danger 

The matter is particularly important with current 
transformers In order to secure a sufficient volt- 
ampere output for current transformers used on low- 
current circuits they are sometimes wound with many 
turns of fine wire on the pnmary If such transfonners 
are subject to sudden heating, as descnbed above, they 
may actually explode On large switchboards, there- 
fore it is good practice to use always single-turn, oi 
straight-through type current transformers and to 
specify a minimum size of conductor (say 0 25 sq in ), 
which may be connected directly to the busbars If 
fine-wire connections must be used they should be 
protected by a senes resistance and some form of cut 
out 


CURRENT TRANSFORMERS 

Current transformers are mainly used on high-voltage 
circuits to operate instruments, relays, etc , which can 
then be at earth potential and safe to handle If the 
current transformer used for this purpose be a perfect 
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one, then the readings of the instrument fed by it would 
bear a constant ratio to the current on the primary 
side at all loads Such perfection, however, cannot be 
attained in practice, and, therefore, the use of current 
tiansfoimers entails 4 a slight error in measurement. 
This error is of two kinds, viz a variation m numerical 
ratio between the currents m the primary and second- 
aiy, and a phase enor due to the fact that the phase 
of the secondary current is not exactly 180° from the 
phase of the pnmai y current This phase error is, 
however, only of importance with instruments of the 
wattmetei type B E S A specification No 81 sets up 
certain standards which these various errors may not 
exceed for different types of transformers 

As regards the eiror m numerical ratio this mav be 
corrected by simply altering the scale of the instru- 
ment, if this be of the ammeter type, m accordance 
with the ratio curve of the transformer With watt- 
meters, however, the phase error of the transformers 
introduces complications in that the effect of the 
phase angle of the transformer upon the accuracy of the 
instrument vanes with the power -factor of the load 
being metcied This is shown by the following table, 
which gives the enor introduced in the reading of a 
perfect wattmeter if fed by a cunent transformer 
having a phase eiror of 1 degree — 


P«mvr factor of mam 

till lilt (COB <f)) 

Peicontage erroi in wattmeter 
reading due to phase eiror of 

1 dog m the current transformer 

[ 

0 

0 75 

1 55 

0 5 

102 

0 25 

0 85 

0 

8 
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This phase error may be corrected for with some type 
of wattmeters by suitable adjustment The most con- 
venient type of meter for this purpose is the mduction 
wattmeter Dynamometer-type wattmeters aie not 
generally capable of this adjustment and are, therefore, 
not so suitable for metering mductive loads m con- 
junction with current transformers 

BALANCING OF CURRENT TRANSFORMERS 

When current transformers are used for operating 
balanced protective schemes, it is necessary that the 
pair of transformers, which provide the samples of, say, 
incoming and outgoing current which are compared by 
the protective relays, should be balanced one against 
the other With some protective schemes, very accurate 
balancmg is required if a reasonable stability (stability 
ratio) on heavy through faults is to be attamed With 
biased protective schemes this is less necessary, as the 
biasing provides stability Nevertheless, even with 
biased systems one must be sure that the character- 
istics of the balancmg transformers are similai This 
is especially difficult with balanced transformer pro- 
tection With this the primary circuit transformer may 
be a smgle-tum bushing transformer (ratio, say, 200 
to 0 5), while the secondary current transformer may 
have a ratio of 2000 to 0 5 

In order to secure proper balancing it is necessary, 
first that the general physical shape of the two trans- 
formers should be similar, so that leakage effects shall 
be alike Further, the voltages given by the two trans- 
formers with corresponding loads should be equal and, 
moreover, the magnetic mduction per square centimetre 
cross-section of the respective cores should be equal 
at full load 

Let I 9 be the primary current (at full load) of the 
mam transformer, and I 8 be the secondary current 
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Let N. p be the numbei of secondary windings on the 
current transformer on the primary side of the main 
transformer and N s the number on the cu Tent trans- 
former on the secondary side of mam transformer 
Let A v and A s be the respective cross-sectional areas- 
of the cores of the respective current transformers 
Let B = magnetic induction, lines pel square centi- 
metre, m the cores of both current transformers (1 e~ 
assumed equal in each) 

Then we have — N P A V B = A T {t A a B 



That is to say, the cioas-scctional area of the cores of 
the respective current transformers should be inversely 
pioportional to the ampei e-turns of the windings of 
the current transformers, 1 e m the above-mentioned 
case the cross-section of the core of the primary cunent 
transfoimer should be ten times larger than that of 
the secondary low-tension cuncnt transformer. The 
above calculation is not strictly accurate as among other 
things it assumes that the resistances of the secondary 
windings of both cuircnt transformers are equal 

This condition can be met by suitably choosing the 
size of the wire used foi the secondary windings the 
longei length of mean turn of the cuirent transformer 
on the primal y helps to attain this equahty Again 
too, T v and I \ may not mcieasc pioportionally to each 
other on short-circuit The calculation, however is 
sufficiently accuiute foi most puiposes 

POTENTIAL OR VOLTAGE TRANSFORMERS 

. The phase-displacement cnoi of switchboaid voltage 
tiansfoimeis is gencially small B E S A specification 
No SI roq lines a maximum of 30 minutes and Gf> 
minutes foi classes B and 0 lospectively, Class B being 
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for metering equipments requiring close accuracy, and 
Class C for ordinary industrial purposes 

With all potential transformers there is a slight 
variation m ratio between no load and full load To 
secure maximum accuracy, the ratio should be adjusted 
to be the correct one when feeding a load or burden 
equal to that which the transformer will have to carry 
m practice Generally, however, the variation is very 
small and for commercial work can be neglected For 
5000 volts and upwards potential transformers should 
always be oil immeised 

THE PROTECTION OP POTENTIAL 
TRANSFORMERS 

The protection of potential transfoimeis is especially 
important when they aie connected directly to busbais 
without the interposition of an oil circuit breakei 
Whenever possible they should be so connected that 
a circuit bleaker is between them and the busbar 
Sometimes, however, this is not possible In this case 
they should be provided with isolating links so that 
they can be examined with safety To guard against 
insulation breakdowns of the high-tension windings, 
fuses must be piovided 

In order to limit the short-circuit current which will 
flow in the event of such breakdown, and to allow the 
fuses to rupture the circuit with safety, a series resist- 
ance on each pole should be mcluded whenever the short- 
circuit current is liable to reach a dangerous value (see 
Fig 21) A suitable value for these resistances is about 
40 ohms per 1000 volts, two such resistances bemg 
required for a single-phase, and three for a three-phase 
transformer 

It is sometimes proposed to mclude this resistance 
within the fuse itself, that is, to rely upon a high-resist- 
ance fuse wire This is, however useless, as the arc 
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Potential 



Fig 21 Potential Transformer with 
Protective Resistance 



Fig 22 Test on Fibre Tube Fuse of 79 ohms 
Resistance, with no Additional Resistance 
in Series 

Toatod at 0000 volts, 1970 amp maximum (Fuse blown to 
pioces, circuit opened manually) 


10800 VOLTS 



A BC D 

2S 'amps Current through Fuse 

Fig 23 Test on Fuse of 79 ohms Resistance, 
with 50 ohms Additional in Series 
Tested at 6000 volte, 26 amp maximum (Fuso opened 
circuit without vislblo disturbance) 
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resulting from the fuse blowing is of very low resistance, 
and the current which flows is, consequently, unlimited 
This is illustrated in Figs 22 and 23 It will be seen 
from Fig 22 that, although the fuse wire had a resist- 
ance of 79 ohms, the value which was effective m 
limiting the current was only about 5 ohms Against 
this, Fig 23 shows that the external resistance limited 
the current to an extent several times greater than its 
value in ohms would indicate 

The fuses on the primary of a voltage transformer 
are useless to guard the same against overload, as it 
is not possible to use a sufficiently thin wire Overload 
must be prevented by suitable fuses on the low-tension 
side 


BUSBAR ARRANGEMENTS 

The busbars of a switchboard may be arranged either 
as smgle busbars, duplicate busbars, or ring busbars. 
For important mstallations e]ther of the latter two may 
be employed, but m the large majority of cases the 
duphcate system is adopted 

With 6600 and 11,000 volt generatmg station busbars 
it is not generally desired to run the different sets of 
busbars at different voltages In fact, if used for this 
purpose the busbars cannot be said to be duphcate 
ones The object of the duplicate busbars is mainly to 
allow of changing over and adjustment without cessation* 
of supply, and for testmg-out purposes when connecting 
up cables which have been shut down for repair For 
this latter reason the second set of busbars is sometimes 
termed the “ hospital ” bars 

In some cases duphcate circuit breakers are used for 
each circuit as well as duphcate busbars This is a very 
extravagant arrangement and, having regard to present- 
day reliability of oil circuit breakers, is not generally 
justifiable If it be desired, however, to be able to 
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change over circuits from one busbar to the other 
without breakmg circuit, then either duplicate circuit 
reakers must be provided or separate seloctmg iso- 
ating links 

It is necessary m order to secure the full advantage 
of duplicate busbars to provide a couplmg circuit 
breaker so that the two sets of busbars may be syn- 
chronized with each other With the coupling circuit 
breaker closed then a circuit may be changed over by 
closmg its selector isolating switches on to both busbars,, 
and then opening the isolator on that bus from which 
the circuit has to be disconnected This cannot be done 
with circuit breakers which are isolated by movement 
of themselves, as with mctal-clad gear, and, of course, 
the isolating selector switches must not be interlocked. 

SECTIONIZED BUSBARS 

One method by which the maximum short-circuit 
current m a large station may be kept withm bounds 
is to sectionakze the busbars by means of reactances. 
The various feeders should be allocated to the different 
sections of the busbars so that at full load the inter- 
change of current between the sections is a minimum. 

At light loads, when few generators are running, the 
busbar reactances may be cut out of circuit, as the 
possible short-circuit current is reduced by the fact 
that the total running plant is less If it be necessary 
to transfer large currents from section to section through 
the busbar reactances, these latter must be kept withm 
a certain value, otherwise the volt drop across them 
will cause difficulties m running 

A good arrangement of sectional busbars is shown in 
Figs 24 and 25 It will be seen that the individual bus- 
bar sections are connected together via two reactances 
m senes and a tie bar The reactance of each coil is 
defined with regard to the kVA generator capacity 
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of the adjacent busbar section Thus the reactance 
of one of the coils would be B per cent if when the 
rated full generator load current of a section flows 
through it, the volt drop across the coil is B per cent 
of the busbar volts The total reactance between any 
two sets of busbars is thus 2B 

Protective reactance coils should be arranged as 
already stated as far as possible, so that under normal 



Fig 24 Trs Bab Reactance Colls 

conditions little 01 no current passes through them 
Although the actual watt loss in a reactance coil is 
‘Small, nevertheless it absorbs kVA, and, therefore, 
tends to limit the output of the generators From this 
point of view the tie-bar arrangement of reactances 
(see Fig 25) is good, as if the feeders and generators 
are suitably proportioned no current need pass the 
reactances It is not always possible to attam this, 
however, and sometimes current must pass the reac- 
tances Let us assume the maximum current which 
will ever pass a reactance is half the full-load current 
of a complete bus section , also that the total reactance 
between each bus section is 50 per cent, reckoned 
upon the total capacity of a bus section Thus, the 
individual reactance coils in Figs 24 and 25 would 
be 25 per cent Let us consider two busbar sections 
by themselves, as m Fig 26 



Feeders Feeders 



25 Single Line Diagham 
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h Id_ 



Fig 20 Two Busbar Sections op Equal 
Reactance [A — B) 

Separated by a 60 per cent reactance 



Fig 27 Voltage Rela- 
tionship BETWEEN TWO 
Sections op Busbars 

Separated by a 60 per cent reactance 
based on the busbar section capacity 
and passing half full current of a 
busbar section, the two sections being 
equal in \oltage 


B 



Fig 2S Current and 
Voltage on Heavilr 
Loaded Busbar Section 
(Approximate) 
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The reactance of the generators are A and B respec- 
tively and A — B The reactance between the two 
busbars = 50 per cent Then, if half the full load flows 
from A to B the volt drop across the reactance will 
i E 

be — , it being arranged that busbar volts of A equals 

busbar volts of B 

The diagram (Eig 27) gives the 
voltage conditions of the two busbars 
The angle oc is the phase difference 
between the voltage of the two bus- 
bais We can approximately set 

E 
4 

sin oc = — = i 
E 4 

. oc = 14 deg 

We desire to find to what extent 
the power factors of the respective 
generators are altered under these 
conditions Assume the power factor 
of the load on the feeders E and D 
is 8, i e cos <p = 8 and cp = 37 deg 

Referring to Eig 28, OB represents 
the busbars volts of the B busbar 
I u == current through the reactance 
which for an approximate calculation 
can be drawn parallel to OB as it lags 90 degrees 
relatively to the voltage across the reactance * 

We then have 

sin P I n 
sin cp 1 -q 

* This means that a “ Watt ” current is being transferred from 
bus to bus through the reactance 
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Then, if I B is, say, twice 


sm /? = 


sin <p 

9 


= 03 


and /? — 17 deg 


Therefore, the angle of lag of the ciuient m generator 
B relative to the busbar volts is 


37 deg + 17 deg = 54 deg 

and the power factor at which the geneiatoi B is 
running is 59 

Considering now generator A, the approximate vector 
diagram is given in Pig 29 

is the current in feeders E lagging 37 degiecs behind 
the busbar volts 


But as y + <5 = 



Reacitancu Coil 


it will be seen that the angle of lag of the current in 
the generator A is about two-thirds of 37, i e its power 
factor is 91 

It follows that m order to transfei current from the 
lightly loaded busbar to the heavily loaded,' the powei 
factor of the generator on the lightly loaded bars must 
be put up, and that on the heavily loaded bars goes 
down There is a slight difference in phase between 
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the respective busbars, but the voltage of the busbars 
can be equal to each other Thus, voltage regulation 
from each busbar is unaffected Naturally, there must 
not be a path of low reactance m the network between 



the two busbars, as tins would have the effect of short- 
circuiting the busbar reactance 

GROUP FEEDERS 

In order to keep down the necessary size and cost 
of feeder breakers it is sometimes arranged to group 
a number of the feeders on an auxiliary busbar, using 
foi these moderately large feeder circuit breakers The 
auxiliary bar is connected to the mam bus through a 
group reactance coil and a circuit breaker equal m size 
to the others on the mam bus (see Fig 30) 
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In order to avoid difficulties with voltage regulation 
it is necessary to keep the value of such a feeder 
reactance small, say, 5 per cent, le when the full 
current of the group passes through it the drop is 
6 per cent of the group busbar volts In order to send 
the current through the group reactance the main 
busbar must be somewhat higher in voltage by an 
amount depending upon the power factor of the load 
Referring to the diagram (Fig 31), E is the auxiliary 
busbar voltage and I the total full load of the grouped 
feeders 

= 0 05E (if the reactance be a 5 per cent one), 
and E R is at right angles to 01 E g is the mam busbar 
volts If a line be drawn from the upper end of E a 
perpendicularly to the continuation of E, we get the 
line OX, which approximately is equal to E a 

We then get the following approximate equation — 

E g = OX = E + E r | cos(90 - cp) | . 

'Thus, if cp = 45 degrees, l e power factor of load be 
70 per cent, 

then cos (90 - cp) =0 7, 

and the mam busbar volts would have to be 7 X C% 
= 3J % higher than the group bus , also, of course, 
the power factor of the current flownig from the main 
bus is somewhat less 

The above approximate rules are useful to quickly 
determine the effect of various reactances in the cneuit 
For exact work, naturally, the correct vector diagrams 
must be drawn 
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SECTION XII 


D.C. AND LOW TENSION A.C. 
SWITCHGEAR 

FUSIBLE CUTOUTS 

Fuses are commonly employed on direct current circuits 
up to 600 volts and alternating current circuits up to 
650 volts For duty up to 100 amp at 250 volts the 
standard requirements are covered by British Standard 
Specification No 88, but the dimensions of many 
makers’ products do not conform to those given in 
this specification 

GENERAL CONSTRUCTION AND OPERATION 

A large vaiiety of fuses aie manufactured but each 
incorporates a fusible element, which is heated to melt- 
ing point when an excess current flows The cuirent 
is then bioken either by the molten metal flowing out 
of tho holder, as m the older types of fuse, or by the 
volatilized metal being absorbed either by an asbestos 
pad or a filling powder as m the more modem types 
of fuse In other patterns of cutout the fuse wire 
follows a tortuous path from terminal to terminal with 
ban lei h inserted between, the object of this and the 
othei eonstiuctions mentioned bemg to quench the arc 
foimod when the fusible element blows, and thus 
intci nipt the cncuit 

APPLICATION OF FUSES 

On account of their relatively low cost, fuses are 
widely used for power and lighting circuits m both 
factoi les and homes, and provided the fuse is connected 

071 
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wired, and applied correctly, satisfactory protection 
is afforded. For power station and sub-station duty, 
however, some discretion must be exercised as, by 
reason of the general construction of fuses and the 
proportion of the parts, the maximum short-circuit 
current which they will interrupt is definitely limited 

As a guide it is recommended that unless economy 
is essential the maximum working current for which 
fuses are employed should be limited to 300 amp , or, 
under special circumstances, 600 amp , either direct 
current or alternating current At these currents the 
size of the fusible element is such that a considerable 
amount of molten metal has to be absorbed when the 
fuse blows, and any failure may be attended by damage 
to material or injury to life 

Further, fuses should not be connected direct to 
busbars winch are supplied by large capacity generators, 
either alternating current or direct current, or heavy 
power transformers, as such power units give very 
heavy currents on short-circuit, which may destroy 
a fuse attemptmg to open the circuit under fault 
conditions 

In cases where economic conditions render it neces- 
sary to use fuses, then they should be grouped and 
supplied through an oil circuit breaker or an air circuit 
breaker, according to whether the current is alternating 
current or direct current These devices, being of larger 
mterruptmg capacity, afford support for the fuses, so 
that if the latter fail to open the circuit it is broken 
by the operation of the air or oil circuit breaker, as the 
case may be 

In genera], the rupturing capacity of domestic type 
cutouts can be taken as 30 times their fusing current, 
that of mdustnal cutouts 60 times their fusing current, 
and that of heavy duty cutouts 100 times their fusing 
current 
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N E C S cartridge fuses are tested to rupture 
10,000 amp 

When it is known, or where calculations show that the 
maximum short-circuit cuirent will exceed these values, 
then it is necessary to use oil or air cucuit breakers 
to control the circuit or to back up the fuses according 
to circumstances 


TYPES OF FUSE 

Open Type Porcelain Handle Fuse. In this type of 
cutout the fusible element is contamed in a rewirable 
porcelain handle Figs 1 and 2 illustrate a fuse of this 
pattern Except for quite small currents, the fusible 
element consists of a number of wires m parallel which 
pass through asbestos tubes, and are fixed to terminals 
on a metal contact at each end of the handle. The ends 
of the asbestos tubes are left open so that when the 
fuse blows the metal is ejected and the arc thus extin- 
guished 

The porcelain holder which encloses the asbestos tubes 
is fitted with a jug handle designed so that the fuse may 
be lemoved or replaced without danger of contact with 
live metal 


PARTICULARS OF CARTRIDGE FUSE SHOWN IN FIG 2 


Current 

rating 

(amperes) 

Fig 

No 

A 

B 

C 

D 

E 

in 

mm 

m 

mm 

in 

mm 

in 

mm 

in 

mm 

76 

1 

8* 

172 

H 

146 

81 

210 

2i 

54 


11 

100 

1 

6£ 

172 

H 

146 

81 

210 

2i 

64 


11 

160 

2 

8 

203 

n 

197 

4 

245 

2* 

73 


14 

200 

2 

8 

203 

n 

197 

96 

245 

2* 

73 

it 

14 

260 

2 

8 

203 

81 

210 


245 

2J 

73 

11 

17 

300 

2 

8 

203 

81 

210 

10£ 

273 

21 

73 

11 

17 

360 

2 

8 

203 

10 

254 

10J 

273 

31 

99 

1$ 

23 

400 

2 

8 

203 

10 

254 

101 

273 

31 

99 

IS 

23 

500 

2 

8 

203 

10 

254 

10| 

273 

31 

99 

M 

23 
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The contacts on the handle engage with fixed jaws 
of the self -aligning type, the bottom jaw being fitted 
with a hinge pm, so that the fuse may act as a switch 
should it be desired to interrupt the circuit on load 
Cutouts of this type are made for currents up to 
500 amp at 650 volts 

Protected Type Porcelain Handle Fuse. This type of 
fuse is similar to that described above except that 
provision is made to protect an operator from the 
molten fusible element when the fuse blows 
Figs 3 to 7 illustrate a fuse of this pattern 
It will be noted that the ends of the fuse holder are 
enclosed by a porcelain cap, which also covers the con- 
tacts so that the fused metal is confined and is absorbed 
by the asbestos tubes, and all live metal is entirely 
covered 

This type of fuse is more expensive than the open 
type previously described, and is employed where the 
service conditions demand the improved construction 
Cutouts of this type are made for currents up to 
700 amp at 600 volts 

Cartridge Fuses. Cartridge fuses are widely employed 
m America for distribution work, but only to a minor 
extent in Great Bntam and other countries 

Fuses of this type have standardized dimensions and 
tests, the standard article bemg known as the National 
Electrical Code Standard Approved Fuse 

In general, the cutout consists of a fusible element 
mounted m a fibre or moulded insulation container 
w'hich is filled with a mixture of plaster of Pans, marble 
dust, magnesium silicate, and chalk, these substances 
tending to damp the arc when the fuse blows The 
ends of the container are fitted with ferrules, which, 
m the case of the larger current rating, have a knife 
blade for engagmg with lever clip contacts on the 
switchboard panel 
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In certain makes of cartridge fuse, the links are so 
designed that the irregular path of the current tends 



Figs 3 and 4 Protected Tyte Fusible Cutout 
(S ide v!ct\) 


to create a magnetic field which assists m mterrupting 
the circuit 

The objection to cartridge fuses is that of the 
difficulty of rewiring them, or, alternatively, the cost 
of new fuses if blown fuses are discarded In some of 
the later patterns of cartridge fuse, rewrrmg has been 
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facilitated so that this can be carried out reasonably 
convenient^ by the user 

Cartridge fuses are also employed for the protection 
of instrument and control circuits on alternating and 



Figs C \nd 0 Protected Type Fusible Cutout 
(Fiont \low) 


direct current switchboards For this duty the con- 
tamer is usually a glass tube with mckel plate ferrules 
for front of panel mounting 

The N E C S fuses previously described are made 
for duty up to 600 amp at 600 volts, and instrument 
fuses for 30 amp at 250 volts 
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Bimetal Fuses. In cases where a fuse is required 
which will blow on relatively small overloads, Hope’s 



Fig 7 Protected Type Fltsibll Cutout 


PARTICULARS OF FUSE SHOWN IN FIG 7 


Volts 
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A 

B 
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mm 
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62 

4 

19 
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87 
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56 

44 
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H 
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50-75 


103 
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H 
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4 
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94 
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44 
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ft 

U 
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150 

H 
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4 
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94 
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41 
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14 
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200 
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4f 

121 
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64 
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a 

17 
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300 

64 
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44 

121 

H4 
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54 

140 

ft 

20 


bimetal fuse may be employed The fusible element 
consists of an alloy fuse wire with a copper core In 
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fusing, the alloy core first melts off, leaving the small 
section of copper to break the circuit 

Ruses of this type are claimed to be able to carry 
90 per cent of their fusing current indefinitely 

Enclosed Fuses. For distribution and domestic work 
totally enclosed fuses are often employed, the fuses being 
mounted either smgly or in multiple in a cast-iron box 

This class of fuse is also used for power stations and 
sub-stations m situations where porcelain or cartridge 
fuses mounted on a switchboard panel would not be 
suitable 

For purposes of safety the containing box must be 
earthed, and if one pole of the supply system is also 
earthed a potential will exist between the fuses and 
their case For this reason fuses mounted m a metal 
box must be of a reliable construction and of high rup- 
turing capacity in order that the arc developed when 
the fuse blows shall not spread to the case and thus 
destroy it 

Fuse Wires. For small currents up to 25 amp pure 
tin, or tm lead alloy wme, is used for the fusible element. 
Wiies of these metals are, however, mechanically weak, 
and pass through a pasty stage before actually blowing 
Due to this pasty condition, the fuse often fails prema- 
turely through vibration 

On this account tinned copper wire or strip is or 
should be, used for circuits above 25 amp The ratio 
between the noimal carrying current and blowing 
current is approximately 2 1, ie 100 per cent over- 

load the table shown on page 680 giving the size of wires 
commonly employed for various circuit ratings. 

It should be particularly noted that cartridge fuses 
blow at 50 per cent above their normal rated current, 
the lower fusing current, as compared with porcelain 
handle fuses, bemg due to the fusible element being 
entirely enclosed and unventilated 
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SIZES OF FUSE WIRE 


Maximum 

working 

]ood 

Copper 

wire 

Strands 

in 
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i 

Coppt 
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amp 

S W G 
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00 

10 
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PARTICULARS OF SWITCHES SHOWN IN FI 


DIMENSIONS IN INCHES 
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AIR BREAK KNIFE SWITCHES 

Air break knife switches are used for making and 
breaking alternating current and direct current circuits 
and also for isolating apparatus such as circuit breakers, 
fuses, etc , from the source of supply 

British Standard Specification No 109-1923 covers 
the general requirements and includes tables which set 
out the standard current ratings, the standard size of 
stud and the screw thread on same, and the standard 
dimensions for switches up to 400 amp capacity 
For ourrents up to 2000 amp the conventional air 
break switch consists of one or more blades of hard 
drawn copper, hinging on spring chps at one end and 
engagmg with similar spring chps at the other 

The terminal studs are circular and are fitted with 
hexagon brass nuts to take either copper strip or cable 
connections. 

Figs 8 to 10 illustrate a range of air break switches 
of this type 

In some makes of switch the circular stud and con- 
tact block are omitted, and the contacts take the form 
of parallel copper strips, the front extension of which 
forms the spring chps, the part extending at the back 
of the panel forming the terminal connections 

This construction requires a rectangular hole m the 
switchboard panel for the contacts, but has the advan- 
tage that by reason of the absence of joints, a lower 
temperature rise is secured 

In general, switches up to 2000 amp for direct cur- 
rent are designed with contact densities ranging from 
50 to 70 amp per square inch, which give the tempera- 
ture rises of 20° C and 30° 0 laid down m B S S. 109 
For alternating current duty, particularly on heavier 
currents, skm effect makes it necessary to mcrease the 
stud diameter as indicated in Table II of B S S 109 
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For currents above 2000 amp it is now usual to 
employ laminated blade lever switches m which the 
blades are m multiple, and engage with strip contacts, 
the necessary contact pressure being obtained by screws, 
flanged washers, and an insulating handle by which 



Fig 10 Slow Break Lever Switches 


the contact is tightened when the switch is closed Figs 
11 and 12 illustrate switches of this type 

SLOW AND QUICK BREAK SWITCHES 

Slow break switches, i e switches m which the speed 
of breaking is dependent upon the operator, should only 
be used for isolating purposes, except for small currents 
and then for pressures not exceeding 250 volts 

Where load current has to be interrupted , quick break 
switches should be employed, i e a switch m which 


2 (5l) OR PANEL 



Fig 11 Laminated Blade Lever Switch 
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PARTICULARS OF SWITCH SHOWN IN FIG 11 


Number of 
blades 

Capacity 

amp 

Dimensions 

A 

B 
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m 

mm 

in 

mm 

m 

mm 
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mm 
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41 
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3 
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5 

6 
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8 
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6 
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7 

8 
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3f 

86 
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9 
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7 
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9 

10 
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4 | 
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6i 

165 

10 
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8 

203 


a quick break is ensured independently of the speed 
of action of the operator 

The quick break is usually secuied by means of a 
follower blade attached to the mam blade by a spring, 
the follower being retamed m the chp contact when 
the mam blade is withdrawn, but leaving the chp at 
a high speed when the spring tension is sufficient to 
overcome the retaining pressure 
With suitably designed switches smartly opeiated, 
currents up to 2000 amp at 600 volts may be safely 
interrupted, but burning is liable to take plaoe on the 
switch contacts, so that for currents above 1000 amp 
air or oil circuit breakers are preferable 

It should be particularly noted that with double 
throw switches only relatively small currents may be 
broken on the bottom throw, as the arc drawn follows 
the path of the blade, and sustained arcmg may occui 
In general, it is not safe to interrupt more than 25 
per cent of the switch ratmg on the bottom throw, 
particularly if the circuit is mductive 
Use of Switches. Considered from the standpoint 
of switchboard practice, it is customary to employ 
air-break knife switches on both alternating current 
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and direct current panels On direct current panels, 
switches are used m senes with air circuit breakers, 



Fig 12 Laminated Blade 
Leveb Switch 

firstly, with the object of isolating the breaker from the 
busbars to allow maintenance work, and, secondly, to 
permit of paralleling This is earned out on lever 
switches, the breakers first being closed so that they 
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are ready to trip should any abnormal condition 
develop when the machine is connected to the busbars 
Switches are also connected m senes with fuses 
serving both to make and break load current, and also 
to isolate the fuse for rewiring 

Air break switches may be used for similar duty 



Pig 13 Feeed Breaking Switch with Discharge Contact 

on alternating current switchboards, but oil circuit 
breakers are generally used, except for very small 
capacity circuits. 

FIELD DISCHARGE SWITCHES 

In order to avoid a pressure nse it is necessary when 
opening the field circuit of a generator to connect a 
discharge resistance across the field terminals This is 
accomplished by an air break switch having an addi- 
tional contact See Figs 13 to 15 

The construction is such that the extra contact is 




PARTICULARS OP SWITCH SHOWN IN FIG 13 
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made before the blade leaves the mam contact, so that 
the field circuit is never actually broken 

Suitable discharge resistances have an ohmic value 



Fig 14 Field Bueaking Switch 

1 0 to 1 5 times the field resistance, and are capable of 
carrying the maximum field current for 15 secs. 

MISCELLANEOUS TYPES OF SWITCH 

Control Switches. For the remote electrical opera- 
tion of alternating current oil circuit breakers, field 
rheostats, governor control motors, etc , control switches 
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are employed, these taking the form of miniature barrel 
controllers Fig 16 illustrates a switch of this type 
Such switches may be fitted with red and green 
indicating lamps to show the position of the device 
controlled, and also with an interlocking key which 
can only be removed when the control switch has 
been moved to the “ off ” position and locked m that 





Fig 16 Fieed Bre\kivg Switch 

position Havmg gamed the key, access may then be 
obtained to the switchgear cell with the safeguard that 
the oil circuit breaker is open and locked off 

Amm eter Switches. On three-phase alternating cui- 
lent circuits it is sometimes necessary to read the 
current on all three phases, but it is not always con- 
venient to employ three ammeters for the piupose In 
the circumstances an ammeter switch is employed in 
conjunction with the secondaries of the cneuit current 
transformers 
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Eig 17 illustrates a switch of this type, and Fig 17a 
shows a diagram of the connections 

Direct current ammeter switches are not recom- 
mended, as, since the resistance of the ammeter winding 



Fig 16 Control Switch with Key Interlock 
and Indicating Lamps 

is so small and the potential available only the millivolt 
drop across the shunt, any contact resistance on the 
ammeter switch would cause incorrect readings on the 
instruments 

Voltmeter Switches. When it is desired to employ 
a voltmeter to read the pressure of two or more circuits, 
a voltmeter switch is used of the type illustrated in 
Fig IB 


AMMETER 
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electrical transmission 



Fio IS Voltmeter Switch 



p tG 10 Auxiwaby Switch 


LOW TENSION SWITCHGEAR 


695 


In a well designed switch the moulded handle is 
arranged to shield the operator from accidentally 
touching the contact studs 
Auxiliary Switches. Auxiliary switches are fitted to 



iii.inv switchgear devices for indicating, alarm, inter- 
locking, protective, contiol and other circuits, and such 
s\\ itches serve a very important purpose 
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For this reason, auxiliary switches of substantial 
mechanical design are now employed, although the 
actual current handled may be relatively small Fig 
19 illustrates a typical auxiliary switch suitable for 
fitting to air circuit breakers, oil circuit breakers, iso- 
lating switches, and operating mechanism, the design 
being such that it is capable of practically universal 
application 

In essence this switch is a miniature barrel controller 
built up of units, each unit comprising two poles 
Currents up to 25 amp can be made and broken, and 
the switch can be arranged as either a slow- or a quick- 
break as may be required 

Battery Switches. Batteries are commonly used m 
power stations and substations for the operation of oil 
circuit breakers and their indicating lamps, and in 
emergency for pilot lighting 

To obtain the normal vohage under all conditions 
of charge, 61 cells are used for 110 volts, and 133 cells 
for 240 volts, the end cells bemg connected to a battery 
regulating switch 

Fig 20 illustrates a switch of this type 

This is merely a simple dial switch, but with an 
auxiliary brush connected through a resistance to the 
mam brush, so that the battery circuit is not broken 
nor a cell short-circuited when passing from one stud 
to the next 


AIR CIRCUIT BREAKERS 

Air circmt breakers are widely used for direct current 
circuits and occasionally for low tension alternating 
current duty where economic conditions do not justify 
oil cncuit breakers 

The standard requirements are set out m the British 
Standard Specification No 110, 1923, which covers 
standard current ratings, standard range of settings 
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for overload, and other attachments, and standard 
temperature rises 

In general, air circuit breakers of various makes are 



Fig 21 Air Circuit Breaker 
(W ith attachments) 
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of more or less similar construction, consisting of an 
upper and a lower contact block fixed to the switch- 
board panel, and a moving brush contact which bridges 
under pressure the stationary contacts In addition to 
the mam contacts auxiliary copper contacts are pro- 
vided to protect the mam contacts, and also sprmgs 
carrying carbon contacts on which the final break is 
made 

Fig 21 and 22 illustrate typical air circuit breakers 
which mcorporate many good features m design 

To obtain proper contact pressure the link mechanism 
is designed to toggle and the links are held m position 
by a hardened latch, which is tripped by the operation 
of the various automatic release devices 

Brushes. Two types of brush are commonly em- 
ployed, one known as the butt type in which the 
laminations bear practically end-on to the contact 
block, and the second a wipmg brush contact, m which 
the laminae make a considerable angle to the block 
In the former design the laminations make an angle 
of a few degrees from 90° to the block, so that when 
the brush is pressed home the laminations spread 
slightly, giving a wipmg action, and ensunng that each 
beds independently on the block Further, the face of 
the brush is cut back at a small angle so that the top 
lamination makes contact first, ensuring a uniform 
pressure throughout the whole contact surface 

By reason of the end-on contact of this type of brush 
a very considerable contact pressure may be exerted, 
ranging from three to eight ounces per ampere, equal 
to, say, a ton on a 6000 amp breaker 

With the second type of brush contact mentioned 
such pressure cannot be applied, as, due to the angle 
which the laminations make with the contact block, 
each lammae merely spreads more when the pressure 
is increased 
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To secure proper contact, adequate pressure is neces- 
saiy and experience has shown that the butt type brush 



Fia 22 Hea.v\ Current Air 
Circuit Breaker 

contact gives xeliable service, and that it can be run 
at a higher density than any other type of brush 
In general contact densities of 500 amp per sq m 
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from 100 to 10,000 amp breakers will give a tempera- 
ture nse on full load within the limits specified by 
BSS 110 

Auxiliary Contacts. The auxiliary contacts pre- 
viously mentioned serve to protect the mam contacts 
against burning when opening an overload or short 
circuit The construction of the contact carrier is such 
that the auxiliary copper contacts break after the mam 
contact, and the carbon auxiliary contacts last Carbon 
is employed for the reason that it does not readily 
vaporize, and the contact wear is, therefore, lelatively 
small When the arc is drawn its resistance mcieases 
as it lengthens, reducing the current gradually, the 
arc being finally extinguished when it lias extended to 
such a length as to render it unstable 

In the type of breaker illustrated m Figs 21 and 22 
the carbon blocks are surrounded by a soft non shoe, 
termed a magnetic ear Tins has a definite magnetic 
blow-out action by virtue of the field set up which 
tends to pull the arc stream towards tlic caibon 

In older that the arc shall be extinguished as quickly 
as possible, experience has shown that foi circuits up 
to G50 volts the optimum length of break measured 
between carbon tips is approximately as follows— 


amp 

LonpHi nt UmtiU 

100 

2\ in 

200/300 

W . 

400/500 


000/1000 

41 „ 

2000/4000 

5 

5000/0000 

M 

8000/10000 

h 


The average operating time of a circuit bleaker, 
measured from the incidence of the fault to the final 
mterruption, varies from -10 to 15 sec accoidmg to 
the size of the bleaker 
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For service above 650 volts it is necessary to increase 
both the length and speed of break, or, alternatively, 
to u&e magnetic blow-out or high speed circuit breakers, 
which are described in a separate section of this pub- 
lication To afford safety to the operators, all circuit 
bicakors foi duty above 650 volts are remote operated, 
eithoi electrically or mechanically 

Attachments. Circuit breakeis may be fitted with 
any one oi a combination of the following automatic 
attachments 

Overload trip with or without tune delay device 
Reverse cui lent trip 
Urulei voltage tup 
Shunt tup 

'tripping interlock between single pole breakers 
All modem cucuit breakers are designed so that these 
attachments aie operative immediately the carbon 
contacts touch, ic the breaker cannot be held in 
against a slioit circuit or an overload This is known 
as a tup-free featme 

0 vn load Attachments consist m geneial of an iron 
circuit linked with a senes coil having two or more 
turns up to 1200 amp , or meiely surrounding the lower 
stud on 2000 amp breakers and above At predetei- 
mmed cuncnts accoidmg to the setting, the field 
pioduced in the lion cucuit oithei raises a plunger or 
lifts a hinged aimatmc, the movement of which frees 
the latch holding tlu* bicakei closed 

'File laiigc of calibration usually extends from 75 to 
250 pci cent of the rated cunent 

Time Imij \itft( hments To prevent a bieaker being 
tupped bv a momenta! y ovciload,a time delay device, 
i ithei of the fixed oi adjustable type, can be fitted to 
the ovei load attachment Such devices usually consist 
ot a dash pot and plungei , which is either letarded by 
oil oi by .i ir escapement 

H ( '<«>!) 
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Fig 23 shows the characteristic curve of a typical 
adjustable time lag 

Reverse Current Attachments usually consist of a 
magnetic circuit excited by a senes and also a potential 
coil, the fluxes produced with current m the normal 
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direction being such as to hold a hmged armature 
against a stop When the direction of current reverses, 
however, the armature is repelled and its movement 
frees the latch holding the breaker closed 

Fig. 24 shows the principle of operation of the device 
descnbed above 

An attachment similar to that illustrated will operate 
at 10/15 per cent of the breaker ratmg, which affords 
adequate protection against motoring on either a direct 
current generator or rotary convertor 

Under-voltage Attachments are employed to trip a 
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circuit breaker should the circuit voltage fall below a 
predetermined value, usually between 50 and 65 per 
cent of normal 

The device usually consists of an electro-magnet 



holding up a weight, which is released by gravity 
when the voltage falls below the value mentioned, the 
movement of the weight freeing the latch which holds 
the bleaker closed 

On bieakeis up to 500 amp the weight has to be 
i o.set by hand, but on breakers of 800 amp and above 
the weight is mechanically lifted when the breaker 
handle is reset for closing. 
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Shunt Trips are fitted to circuit breakers to enable 
them to be tripped from a remote point from overspeed 
contacts on rotary convertors, or from over-current or 
reverse current relays when such are used to obtain 
more sensitive setting than can be secured by direct 
fitted attachments 

The construction is similar to that of undervoltage 
attachments except that the electro-magnet raises a 
plunger when current is applied, the movement of the 
plunger being used to trip the breaker 

Shunt trips usually operate down to 50 per cent of 
the circuit voltage 

The shunt trip coil must be disconnected by an 
auxiliary switch or by the breaker when it opens 

Interlocks may be fitted to two or more single pole 
breakers to ensure simultaneous tripping, although each 
pole may be closed independently 

Operating Mechanisms. Circuit breakers up to 
6000 amp can conveniently be manually operated, but 
for 8000 amp breakers and above, direct current 
solenoid mechanisms are preferable on account of the 
magmtude of the closing effort required 

Such mechanisms are frequently fitted to smaller 
breakers where remote electrical operation is required 
Figs 25 and 26 illustrate a 6000 amp breaker complete 
with its solenoid 

Solenoids are usually designed for operation fiom a 
batteiy, the loading ranging from kW for closing 
a 2000 amp breaker, to 15 kW for an 8000 amp 
breaker 

Where hand operation is preferred, either a plain or 
spade handle is fitted, or on the larger capacities a 
detachable handle is employed 

On both types of closmg mechanism buffers are fitted 
to the breaker to brake the opening forces and to pie- 
vent the stored energy m the moving parts throwing 
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an undue stress on the fiame Such buffers take the 
form of leather stops, buffer spimgs, 01 , on the larger 
capacities, air dashpots 

Mounting of Circuit Breakers. The action of an air 
circuit breaker when opening an oveiload on short 
circuit has already been described, leference being 
made to the attenuation of the aic as the contacts 
separate The aic drawn, however, may use 12 to 24 in 
above the arcing contacts, so that circuit breakers 
should always be mounted at the top of a panel, prefer- 
ably in a position such that the arcing contacts project 
just above the panel In this position the arc does not 
bum the face of the panel and is able to rise freely 
and be cooled quickly, and thus he speedily extin- 
guished For similar reasons ample headroom should 
be provided above air circuit breakers, particularly 
heavy current traction bicakers, above which all con- 
structional steelwork must lie ooveied, as one pole of 
a traction system is earthed Wheic lueakcis arc 
mounted at close centres intermediate bameis either of 
slate or “ Uacolite ” are sometimes fitted, and for ti action 
switchboaids it is also customary to cover the panel 
fixing bolts with insulated caps and to screen the 
framework at the top of the panel by uaeolito covers 

Circuit breakeis should not be mounted low down 
on a switchboard panel, as, when opening an overload, 
the arc may cause damage to material and risk to life 

LOW TENSION OIL CIRCUIT BREAKERS 

The general construction and design of oil circuit 
breakers is dealt with in a separate section of this 
work, so reference will only be made to heavy current 
breakers which are peculiar to low tension alternating 
current work 

For currents up to 1500 amp high tension oil cueuit- 
breakers are commonly used for low tension duty, 



lun 27 I1eav\ Current Low Tension Alternating 
Current Oil Ceruuit Breaker 

( ii rash (Jon Unix) 
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chiefly for reasons of manufacturing convemence For 
currents of 2000 amp and above, however, specially 
designed breakers for service up to 650 volts are em- 
ployed Fig 27 illustrates typical breakers for this 
duty 

Breakers of tins type are virtually air circuit breakers 
mounted on a slate base, but pointing downwards, and 
projecting into an oil tank By reason of skin effect 
very low current densities must be used, and the ter- 
minal studs are constructed of laminated copper strip 

In addition, the tanks are preferably constructed of 
sheet brass and the links and mechanisms of nomag iron 
or phosphor bronze 

The practical and economic limit to the cm lent 
rating of a three-pole switch is 3000 amp , and for 
currents above this it is customary to emplov two or 
more three-pole breakers m parallel, operated by a 
common mechanism 

Oil circuit breakers of the type described can be 
designed for a rupturing capacity of 25,000 kVA, or 
say, a maximum plant capacity of 5000 kVA Foi 
heavier short circuit duty up to 50,000 kVA, brush 
contacts are replaced by finger contacts, the slate top 
is replaced by a nomag iron top, and it is necessary 
to use a steel tank 

Fig 28 illustrates a breaker of this type having a 
current ratmg of 3000 amp 

The design of heavy current low tension alternating 
current breakers presents a real problem as, by reason 
of the fact that copper oxidizes if run at a temperature 
exceeding 55° 0 , any local heating speedily produces 
cumulatively bad contact 

The mam and arcing contacts have, therefore, to be 
designed to have ample contact and cross sectional area, 
and ample contact pressure must be provided In 
addition, magnetic material should not be employed 
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except wheie strength necessitates its use for the tank 
Tanks with conugatecl sides, to increase the radiating 
<u ea, are sometimes adopted, and radiating tubes, as 



l ,, K. JH III UN ( 'll P III NT Lu\\ Ti NslON Xrri'HNATING 
( 'll Kill NT CllU U IT 

(b'umcr (Umlnctx) 


lifted to lumsfonnei tanks, have been successfully 
applied in some designs 

in geneial heavy current low tension alternating 
i uncut oil circuit bicakcrs must be installed so that 
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they are adequately ventilated, as, since the permissible 
temperature rise is 40° C , a considerable amount of 
heat has to be dissipated The practice of fitting such 
breakers in enclosed cubicles, or at the back of a switch- 
board, cramped by cables, screens or with a narrow 



Fig 28a Hkavy Currknt Circuit Biotakbr 


gangway, is strongly to be deprecated, as in positions 
of this kind proper ventilation is impossible 

Reference may be made to B S S 116 for the geneial 
requirements in respect to oil circuit breakers, and foi 
the tests and temperature rises applicable 
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ALTERNATING CURRENT AND DIRECT 
CURRENT SWITCHBOARDS 

General Construction. The word “ switchboard ” is a 
generic term which covers an assembly of switchgear 
devices, usually mounted on a slab or slabs of insulating 
material and connected electrically so as to enable a 
oil cuit such as a generator, a transformer, or feeder 
to be controlled 

The slabs are referred to as switchboard panels, 
winch may bo constructed of any one of the following 
matoi ials — 

Slate Silumrmte 

Marble Sheet steel 

Smdanyo (ebony asbestos) 

The characteristics of these alternative materials aie 
shown in the following table — 


PllOVJ'iRTI MS OP INSULATING MATERIALS 



Sindan>n 

tilhimhiito 

Slato 

Marble 

Upiih 1I\ 

1 61 

1 Si 

2 8 

2 75 

Moisture absorption 

n 27-0 20 

n ln-o 34 

0 18% 

006-1% 

( nmpniwluii stronuth In lb 

1 « r In 

i i,i no 

12,380 

15,000 

11,800- 

10,000 

Mnur Klniitfth In U> pir 
sq In 

n<)() 

4180 

4000 

3200 

I uipiLi t strnmth In font lb 
pi 1 Hi | In 

l 4 

] 52 

1 7 

0 25 

1 li i trluil Hln until in volts 
pi r mil - 
'1 hrmigh miLti i lal 
\lniiK laminae 

tl -> 

25 

04 

17 

4-5 

31 

Vrt n*rtWl ln« proportion 

Not ari 
resistant 

Not arc 
resistant 

Arc 

rosiBtant 

Arc 

resistant 

Hi ulstani » to boat 

Only 

moderately 

boat 

rLsiatant 

Only very 
model ately 
heat 
resistant 

Heat 

resistant 

Hoat 

resistant 

Muihinliiu pirqurtnH 

Good 

Good 

Poor 

Vory poor 
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It may be assumed that 95 per cent of switchboard 
panels are constructed of slate, maible only being used 
where conditions are such as to require its greater 
electrical strength, or, in some cases, where good appear- 
ance is desired regardless of expense 

As Welsh slate is increasingly difficult to obtain, and 
Portuguese slate has relatively poorer insulating quali- 
ties, a greater use is now being made of synthetic 
moulded panels, the best known material being sm- 
danyo, which is composed of Poitland cement and 
asbestos fibre moulded under hydraulic pressure 

Such material being stronger, paiticularly in impact, 
than slate or marble, it may safely be used m smaller 
thickness of slab, and on this basis the piosent-day cost 
of smdanyo panels is equal to, or slightly less than, 
slate panels of equivalent linear dimensions 

As the electrical strength is also very much greater, 
it follows that smdanyo is becoming more extensively 
used by switchboard manufacturers, and it is con- 
sidered that within a few years slate may no longer 
be employed 

For certain classes of woik sheet-steel panels aie also 
finding favour on account of their low cost, the ease 
with which they may be cleaned and refinislicd and 
their relatively small weight foi a strength corre- 
sponding to that of an equivalent slate panel 

Steel panels aie however, limited mainly to altei- 
natmg cunent switchgeai wheie the devices comprise* 
oil circuit breakers, current tiansfoimeiy, and isolators 
winch have earthed metal buppmts For dnoct cunent. 
switchgear, the expense of insulating lever switches, 
fuses, and circuit-breakei studs and contacts fiom the 
metal panel makes the use of sheet steel piolubitively 
costly 

Finish. Switchboaid panels may have any one of the 
following alternative finishes — 
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1 Stoved black enamel Polished 

2 Sprayed black lacquei Matt 

3 Linseed oil treated Matt 

4 Cellulose enamel Polished 


Until recently polished black enamel was the accepted 
standard finish for slate panels, but cellulose enamel is 
gradually being substituted, as this gives a better 
wearing surface, which is improved by cleaning, whereas 
black stove enamel becomes scratched, and eventually 
wears to a dirty brown hue 

Sprayed black lacquer, or marine finish, as it is 
tenncd, and also oiled finish are employed for mdustnal 
switchboards, where a polished finish would be out of 
keeping with the surroundings These finishes are also 
used foi export work, where it is difficult to transport 
and re-erect pohshed panels without damage 

Strength of Panels. In order to prevent fracture, 
either in manufacture, or shipment, or in service, 
expei lence has shown that for a given thickness, panels 
should not exceed the widths shown m the following 
table — 



Maximum width of panels 

'lllcUllLHH 

Slate 

I 

Marble 

Sindanyo 

” 1 

in 

i 

m 

in 

in 

l(i 

10 

20 

4 

1 

1 1 

20 

14 

28 

28 

18 

36 

1 4 

1 1 

10 

24 

40 

J “ 

40 

36 

48 


48 

42 



As a further guide it should be noted that the 
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minimum recommended thickness of panel for air and 
oil circuit breakers is as follows — 





Minimum Thickness 


Slate 

Marble 

, 1 
Smdaiiyo 

Air circdrfTBr'eakera up to 3000 amp 

in 

H 

in 

o 

in 

h 

„ ,, solenoid operated 

2 

24 


„ ,, 4000/6000 amp 

2 

n 

U 

,, ,, ,, solenoid operated 

2* 

— 


,, „ ,, 8000/10,000 amp 

2* 

— 

9 

„ ,, ,, solenoid operated 

3 

— 

2J 

Oil circuit breaker, 600 amp 

n 

9 

U 

U 

„ „ „ 800/2000 amp 

2 

24 


Where more than one circuit breaker is mounted 
side by side on a common panel, then the next size 
thicker panel is usually desirable 

Framework. Switchboard panels may be earned on 
a variety of different types of framework, but the two 
common forms of support are — 

Pipe framework 
Angle-iron framework 

In the former case the upnght and wall stay consist 
of 1 J in gas pipe to which the panels are attached by 
yokes and “ U ” bolts Fig 29 illustrates typical 
fittings 

The merit of this type of framework is that no drilling 
is required, as fittings for carrying panels, transfonneis, 
etc , merely slide mto the required position and aie 
then tightened up 

Angle-iron framework is also widely used, its sup- 
porters claiming that no special fitments are necessary, 
and it is therefore capable of more universal application 
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The cost of the two types of framework is approxi- 
mately the same 

Eor certain classes of duty it is sometimes desirable 



Fia 29 Typical Pipe Framework Panel Supports 


to insulate the framework from the switchboard panel 
In such cases, the fixing bolts have an insulating sleeve, 
with insulating washer back and front of the panel, 
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and the head of the bolt is enclosed m a moulded 
ebonite cap 

Layout. While the disposition of apparatus on a 
switchboard panel is to some extent a matter of conven- 
tion, such convention has a sound engineering basis 
For example, on direct current switchboards it is 
customary to mount air circuit breakers high up on the 
panel, the reason bemg to allow the arc, which occurs 
when opening, to disperse above the panel 

S imil arly, lever switches are mounted with their 
handles at waist level, where they may be closed or 
opened with the maximum of convenience and safety 
to the operator 

Meters, again, are placed wherever possible at eye 
level, where they may be easily read 

In the case of alternatmg current switchboards the oil 
circuit breakers are mounted at the back of the panel, 
but the operatmg handle at the front is placed at a 
convenient level for closing 

In the same way that apparatus is placed in orthodox 
positions, so it is common practice to place the busbars 
at the top of the switchboard where they are out of 
reach, and may be screened when work has to be carried 
out at the back of the panel 

This position of the busbars also permits the simplest 
arrangement of interconnections, and thus effects 
economy m the amount of connection copper required 
In the case of lighting and traction direct current 
switchboards, however, it is usually impracticable to 
place the busbars at the top of the panel, as two sets 
of busbars, together with an equalizer and neutral 
busbar, are required 

To allow a convement arrangement of the connec- 
tions particularly on heavy current circuits, the bars on 
such boards must be placed at the level of the lever 
swatches, barriers being fitted between the busbars with 
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m expanded metal enclosure to protect the baxs against 
icciclental contact 

Busbars. The general requirements in respect to both 
Iircct cuucnt and alternating current busbars are set 
mt m British Standard Specification No 1591, 925 
Busbars may be constructed of either copper or 
aluminium strips, the former being more usual, due to 
the special piccautions which must be taken to ensure 
permanently good contact at joints with aluminium 
Up to 4000 amp direct current, and 2500 amp. 50 
cycle, alternating cuirent, £ in thick strips, spaced J in 
apart, may be run at a density of 1000 amp per square 
inch without exceeding the permissible temperature 
rise of 30° (J /35° C 

Above these currents it is necessary to reduce the 
cunont densities , fust, m the case of direct current, 
because the radiation surface does not increase in the 
name ratio as the cross-section, and, secondly, in the 
case of alternating current, because skm effect crowds 
tin 1 cunont mto the outer strips and the inner strips 
do not cany their share of the current 

The following tallies show recommended busbar 
sections for direct current and alternatmg current on 
the basis of 30° G / 35° C temperature rise 

While it is standard piactice to run copper busbars 
at 1 000 amp per square inch, investigation shows that 
on industrial plants working eight hours or more per 
(Jay, and at substantially full load, it pays to run at 
800 amp per square mch density, as the saving in losses 
more than pays for the extra material 

To cnsuie adequate ventilation the multiple strips 
foiming a busbar are usually spaced from one another 
the thickness of the strip, and the strips bolted or 
clamped together at inteivals to obtain equalization of 
i urrent density 

In the case of very heavy current alternating current 

4«i (5hoi) 



CAPACITY OF COPPER BUSBARS 
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Fig 30 Transposition Connections fob Heavy 
Alternating Current Busbars 


capacities by adding additional strips For this reason 
it is necessary to employ a special construction to 
overcome skin effect by crossing over the inner and 
outer conductors m the busbar at one or more points, 
the stops being hghtly insulated from one another, 
except at one point only, where they are paralleled to 
equalize the load 

Fig 30 illustrates typical transposition connections 
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for currents above 6000 amp alternating current, and 
Fig 31 shows graphically the cross-section of busbars 
recommended for currents up to 10,000 amp alternating 
current and direct current 

Expansion of Busbars. The coefficient of expansion 
of copper is 0000166 per degree Centigrade, so that on 
a switchboard say 60 ft long, the bars will extend 32 
for a 30° C nse, or, allowing a variation between summer 
and winter temperature of 36° C , the total alteration 
m length will be 7 m 

While well-designed busbar supports are arranged to 
allow the busbars to slide horizontally, this does not 
take care of the branch connections, which may be 
short, stiff connections to circuit breaker or switch 
terminal studs Any movement of these connections 
would impose heavy stresses on the apparatus, so that 
expansion joints m the busbars are essential 

Fig 32 illustrates a typical expansion joint con- 
structed of -01 thick copper strip for use where the 
space available is limi ted 
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Joints of tins type are employed every 12 ft to 25 ft , 
according to the section of the busbars and the arrange- 
ment of the branch connections 
Copper Connections. The cross-sectional area of 
copper or aluminium connections is chosen oil the same 
basis as for busbars, except that the temperature nse in 
long vertical connections is greater than with the strips 
mounted horizontally, due to the reduced radiation 
Joints between busbars and branch connections are 



made with clamps m preference to bolts, m that the 
former allow the busbar strips to slide and so prevent 
stresses on the connections due to expansion 

Fig 33 illustrates typical busbar clamps which are 
fixed with steel bolts foi direct current work, but brass 
or gunmetal studs foi alternating current work 

Where clamps are not peimissible for joints in 
connections, bolts are used, the size and spacing of the 
bolts being in accoi dance with Fig 34 

Tests confirmed by experience show that to secure 
good and permanent contact it is necessary to have 
ample contact pressuie between surfaces For this 
reason clamps aie moie satisfactory, but reliable con- 
tact between bolted surfaces is obtained by tinning the 
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contact surfaces or inserting a layei of tinfoil between 
the surfaces 

Position and Colouring of Busbars and Connections. 

The relative position of the positive and negative 
busbars and connections on a direct current switch- 
board, and also that on the phases of an alternating 
current switchboard, follow the conventions laid down 
in British Standard Specification No 158 

This specification also sets out the colouring which 
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Fig 34 Bolting Details fob Busbar and 
Connection Joints 


should be applied to the poles and phases, such colour- 
ings usually being applied in anti-sulphuric enamel 

GENERAL ARRANGEMENT OF DIRECT CUR- 
RENT AND LOW TENSION ALTERNATING 
CURRENT SWITCHBOARDS 

Standard Specifications and Regulations 

The general requirements as applying to direct 
current and low tension alternating current switch- 
boards are set out m Parts I and II of British Standard 
Specification No 162, 1928 In addition, all switch- 
boards must conform to the Factory Acts and Regula- 
tions, or to the Coal Mines Regulations Act, according 
to the duty and location of the board These Acts 
stipulate the m ini mum gangways and head-room per- 
mitted, the requirements in regard to earthing as laid 
down, and many othei important conditions specified, 
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which must be met before a switchboard can be passed 
for service by the authority concerned 

Front of Panel Finish. Switchboards may be finished 
on the front in black and copper, black and nickel, or 
bright and dull black The latter is considered the most 
serviceable, as plated finishes become corroded m course 
of time 

Rating. Switchboards are maximum rated, that is 
to say, the current ratmg is the maximum contmuous 
current they will carry with a temperature rise not 
exceeding 30° C or 40° C , as the case may be This is 
important, as although the “ maximum contmuous 
rating ” of electrical plant is becoming more widely 
used, some purchasers still specify that the circuit 
ratmg is subject to 25 per cent overload, and m the case 
of alternating current circuits a particular power factor 
is specified. 

Instrument Equipment. Instruments and meters as 
such are dealt with separately m this publication, so 
that reference is made here only to their application 

Ammeters are fitted to most circuits, one bemg 
sufficient on a 2-wire direct current circuit, two bemg 
lequrred on a 3- wire direct current circuit, and one with 
oi without an ammeter switch for three-phase alter- 
nating circuits 

Direct current moving coil ammeters above 100 amp 
usually have external shunts, which in the case of 
heavy currents, say 5000 amp and above, should be 
mounted horizontally to obtain proper radiation of the 
heat generated 

Alternating current ammeters of the movmg iron 
type may be obtamed of the senes type, but it is usually 
more convement to employ 5 amp windings operated 
from current transformers 

Voltmeters are usually mounted on a swing biacket 
at the end of a switchboard, and connected to the 
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busbars Where it is desned to read the pressure 
between poles and neutral, or phases to neutral, a 
voltmeter switch is employed 

Power Factor Meters are fitted to alternating cuirent 
generators, synchronous motors, and rotary convertoi 
panels 

Indicating Wattmeters are fitted to alternating current 
generator panels 

Integrating Watthour Meters are fitted to all classes 
of alternating current and direct current panels, where 
it is required to register the input or output of the 
circuit 

Earth Detectois may be employed on both direct 
current and alternatmg current circuits with either 
neutral insulated or earthed Such instruments give 
both an indication as to the condition of the system 
insulation, and also a definite leading when a line 
conductor is defective 

Field Rheostats. On low tension switchboaids it is 
usual to mount generator field rheostats at the back 
or at the top of the generatoi panel, and operate them 
from a handwheel at the front 

Rheostats, when not direct operated, may be eitliei 
cham or bevel operated The former is more usual, but 
necessitates cham guards to ensure that a broken chain 
does not fall across the busbars or connections 

Where the generator is of a heavy current rating it 
is important that the rheostats are mounted so that 
they are adequately ventilated, as otherwise the com- 
bined heating of the switchboard materials and the 
rheostats results in temperature rises in both exceeding 
the permissible limits 

In such cases it is often convenient to locate the 
rheostats m the basement, and operate them from a 
pedestal standing in front of the switchboard 

Equipment of Direct Current Switchboards. Standard 
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equipment for direct cunent switchboards up to 660 
volts is covered by British Standard Specification 
No 194, 1926 

This sets out the minim um equipment recommended 
for the control of the following circuits — 

Direct current feeders, 1, 2, and 3 wire 
Direct current generators, 2 and 3 wire 
Direct current rotary convertors, 2 and 3 wire 
In general, the equipment listed in this specification 
should be regarded as the minimum for satisfactory 
operation, it being desirable m many cases to employ 
in addition the apparatus described as £C optional 
extras ” 

While the standard equipments are laid down m 
British Standard Specification 194, the actual layout 
of the panels depends to some extent upon the prac- 
tice of the manufacturers and the preference of the 
purchaser. 

Typical assemblies are shown m Figs 35 to 39 
Typical switchboards are illustrated m Figs 40 to 44 
High Voltage Traction Switchboards. Where the bus- 
bar pressure exceeds 660 volts, such as on 800 volts or 
1200 volts traction systems, it is necessary m the 
interests of safety to mechanically operate the circuit 
breakers and lever switches, the former being mounted 
above the panels and the latter behind the panels 
Figs 45 and 46 illustrate switchboards of this type, 
which it will be seen are virtually dead front boards 
For even higher pressure, such as 1500 volts or 3000 
volts, lngh speed circuit breakers are employed, and m 
this case a similar construction is adopted, but the 
circuit breakers are supported by a gallery above the 
switchboard, m order to permit convenient access 
to the breakers for maintenance work This class of 
switchboard is described in detail in the <e Automatic 
Sub-station 55 section of this senes of books 
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1-CmouiT i circuit 

Fiq 35a Direct Current Feeder Panels 
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DC FEEDER EQUIPMENTS WII’II FUSES 


Typo 

Type of circuit 

Dlstri- 
Busbar but Ion 
feeder 

Number 

of 

clruilts 

Rating 

amperes 

Standard equip- 
ment for one 
circuit (see Hgures) 

Optional extra 
equipment* 

II A 

Singlc- 

wJro 

Singlo- 

ulro 

1, 2, 
or 3 

ion, no, 

200, 300 

1 single- polo fiiRc 

1 single-polo, 
single throw, 
lover switch 

1 ammeter 


II B 

Two- 

wlro 

Two- 

wiro 

1, 2 
oi 4 

3 or 6 

00, 100 
150, 200, 
300 

00 onlj 

2 single jkjIo fuses 

1 double polo, 
Rlnglc -throw , 
lever switch 

1 suninuition uni- 
meteL 

1 am motor por ( Lr- 
cult for 1, 2, and 
4 ilicults only 

IIC 

Three- 

wire 

Two- 

wire 

1, 2, 4 

3 or 0 

Bo 

Bo 

Bo 


* Switchboards intended for service whk h does not permit of complete shutting 
down so that all conductors can be mado wholly dead when necessary for cleaning, 
examination, adjustment or repair of working parts requiring frequent attention 
(such as those of circnlt-broakors), shall bo provided with means so tliat portions 
containing such parts may individually be mado dead and In order to prevent 
danger from live conductors on adjacent portions, permanent or romovablo screens 
shall be provided so that work on any dead portion may bo carrlod on safely 

47— ( 56 t>i) 
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D C GENEBATOE EQUIPMENTS 


Type 

Busbar 

Gene 

rator 

Distri- 

bution 

Hating 

amperes 

Standard equip- 
ment (see figure) 

Optional extra 
equipment 

III A 

l 

l 

Two 

wire 

Shunt 

Two- 

wire 

60, 100, 
150, 200, 
300, 400, 
500, 600, 
800, 
1000, 
1200, 
1600, 
2000, 
2500, 
3000, 
3500, 
4000 

1 single-polo over- 
Jond and reverse 
current circuit 
breaker 

1 ammeter 

2 single polo, 
single-throw, 
main switches 

*1 single-pole Held 
dlsLliargo switch 
and resistance 

2 potential fuses 
*1 field rheostat and 
operating clovico 

1 two- wire watt- 
hour unetor 

1 voltmeter 

1 switch or plug- 
ging device for 
voltmeter 

ihb 

l 

Two 

wire 

Shunt 

Tlirce 

wire 

Do 

1 single-pole over- 
load and reverse- 
current circuit 
breaker 

1 ammeter 

2 single-polo, 
single-throw, 
main switches 

*1 single-pole field 
discharge switch 
and resistance 

2 potential fuses 
*1 Hold rhoost-at and 
operating device 

1 single-pole over- 
load circuit 
breaker inter- 
locked with the 
other circuit 
breaker, If It is 
desired to pro- 
tect faults on 
machine 

I two-wire watt- 
hour meter 
tl voitmotor 
fl hw Itch or plug 
glug dcvlco for 
voltmeter 

riiG 1 

i 

i 

i 

Two- 
wlro or 
Three 
wire 

Com- 

pound 

or 

Shunt 
(with 
equali- 
zer bar 
situa- 
ted at 
switch- 
board) 

Two- 

wire 

Trac- 

tion 

or 

Tliree- 

wlro 

Light- 

ing 

Do 

1 

2 Interlocked sin- 
gle pole, overload 
and roverue- 
current circuit 
broakers, or 

1 double-pole 
overload circuit 
breaker, fitted 
with reverse cur- 
rent device on 
each pole 

2 ammeters 

2 slnule-ixdc, 

double throw, 
main switches 

1 single-pole, 
single throw , 
mam switch 

1 single pole, 
single-throw, 
neutral sw Itch 

1 single-pole field 
discharge switch 
and resistance 

2 potential fuse" 

1 field rheostat and 
operating device 

1 slnglo-polo over 
load circuit 
breaker mounted 
near machine, if 
it is desired to 
protect faults on 
machine 

1 mid-wlro am 
meter 

, 2 two w Ire w att 
hour meters and 
fuses 

I voltmeter 

1 switch or plug- 
ging device for 
voltmeter 
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D C GENERATOR EQUIPMENTS ! — continual 


T>pe 

Busbnr 

i 

Geno 

rator 

Distri- 

bution 

Bating 

amperes 

Standard equip- 
ment (sco figures) 

Optional extra 
equipment 

IILH 

Two- 
wire or 
Throe- 
Mil e 

Com- 

pound 

or 

Shunt 
(with 
equali- 
zer bar 
situa- 
ted 
at ma 
chine) 

1 wo- 
wire 
'trac- 
tion 
or 

Three 

wlro 

Light- 

ing 

60, 100, 
160,200, 
300, 400, 
300, 600, 
800, 
1000, 
1200, 
1000 
2000, 
2500, 
3000, 
3500, 
4000 

2 Interlocked sin- 
gle pole, o\ or load 
and re\erse- 
curront circuit 
breakers, or 

1 double-pole 
o\orload circuit 
bleaker fitted 
with io\orse- 
cuiTent device 
on each pole 

2 ammeters 

2 single pole, 
double tluow, 
main switches 

1 single ])olo, 
Blnglc throw , 
neutral switch 

1 single polo field 
discharge switch 
and resistance 

2 potential fuses 

1 single polo, 

double tlLrow 
main switch 
mounted near 
machine 

1 field rhoostnt 
and operating 
de\ ice 

1 single pole over- 
load circuit 
breaker mounted 
near machine, If 
It is desired to 
piotect faults on 
machino 

1 inld-wiro am- 
meter 

2 two-wire watt- 
hour meters and 
fuses 

1 voltmeter 

1 switch oi plug- 
ging device for 
voltmeter 


* The field rheostat Is usuallv provided os part of tho goneiator cont act and 
may be mounted on, or operated fioin, the control panel, oi alternatively, provision 
maj be made for pedestal operation, in with h case tho field bn Itch nmj , If desired, 
bo mounted on tho pedestal 

t Where two or moro goneiators aro arranged for r>arallel running, pniallollng 
voltmeters must be provided together with the necessary switching or plugging 
devices, In which case it js usual to mount the voltmeters oil a separate panel, the 
switch or plugging devices being mounted on tho generator panels 
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__ I Rotarj 

Dlstn- [ Rating 

Standard equip- 

Optional extra 

1 vertor 

billion amperes 

meiit (see figures) 

equipment 


IV E 

Two 

wire 

Two- 

wire 

i Shunt 
(AC to 
DC) 

Com- 
pound 
(A C 
to 

D C 
or 
DC 
to 

A C ) 
(Not 
suitable 
for in- 
\ erted 
iiinning 
when 
com- 
pouu 
derl ) 

rs H 

CD O 

00, 100, 
150, 200, 
300, 400, 
500, 000, 
800, 
1000, 
1200, 
1600, 
2000, 
2500, 
3000, 
3500, 
4000 

1 Blngle-pole over- 
load and reverse- 
current circuit 
breaker 

1 ammeter 

2 single-pole, 
single-throw, 
main switches 

2 potential fuses 

1 starting switch 
*1 slnglo-pole, 
single-throw 
starter short- 
circuiting sw itch. 

1 single-pole, 
donble throw , 
change-over 
switoli for open- 
ing and closing 
series winding 

1 trip coll for 
operation from 
speed limiting 
device or other 
safety device 

1 field rheostat and 
operating device 

1 two-w r Lre watt- 
hour meter 

1 voltmeter 

1 switch or plug- 
ging device for 
voltmeter 

1 exciter v olt- 
meter 

1 switch or plug- 
ging device for 
exolter parallel 
ing 

1 triple-pole, 
double throw , 
ranke-before 
break change- 
over switch for 
exciter parallel- 
ing 

4 Instrument fuses 
for exciter paral- 
leling voltmeter 

1 exciter field 
rheostat and 
operating device 

IV r 

Two 

wire 

Tw o- 
w Ire 

Com- 

pound 

(AC 

to 

D L ) 

Com 

pound 

(AC 

to 

DC 

and 

DC 

to 

AC) 

Three- 
wire ! 

i 

Do 

1 single-polo over- 
load and reverse 
current circuit 
breukcr 

1 ammeter 

2 single-pole, 
single-throw , 
main switches 

1 single-pole, 
single-throw 
equalizer switch 

2 potential fuses 

1 starting switch 

*1 single-pole, 
single-throw 
startei short- 
circuiting Bwltch, 
1 double-pole, 
double tlirow , 
reversing switch, 
for series winding 
1 trip coil for 
operation from 
speed limiting 
device, or other 
safety device 

1 field rheostat and 
operating device 

1 two- wire watt 
hour meter 

1 voltmeter 

1 switch or plug 
glng device for 
voltmeter 

1 exciter volt- 
meter 

1 switch or plug- 
ging device for 
exciter parallel- 
ing 

I triple-pole, 
doublo-throw, 
make-before- 
break change- 
over switch for 
exciter parallel- 
ing 

4 instrument fuses 
for exciter paral- 
leling voltmeter 

1 exciter field 
rheostat and 
operating device 


* Where the capacity of the starting switch is suitable for carrying full load 
currents continuously, short-circuiting sw itch Is not required 

Note The foregoing data on Feeder, Generator, and Rotary Convertor Equip- 
ments have been reproduced b> permission of the British Engineering Standards 
Association from its specification No 194, 1920, copies of which can be obtained 
from the office of the Association, 28 Victoria Street, London, S W 1 Price, 
Is 2d post free 
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Fig 40 Front View of Hea\y Current Direct 
Current Switchboard 
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Fig 42 Front View of 500 Volts Direct Current 
Power Switchboard 



Fig 43 
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irowER Switchboard 
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Fig 44 Frostt View or Dirfct Current Switchboard 





°i/rs Dirfct Current Traction Sw 
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Fig. 46 . Back View of 800 Volts Direct Ctjrrent 
Traction Switchboard 




Fic 47 Low Tfnsion Alternating Current Generator Panel 
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Equipment of Alternating Current Switchboards. 

The British Engineering Standards Association is 
engaged upon a specification covering standard equip- 
ment for alternating current switchboards which will 
be issued as B S S 195, 1929 

Tins will set out the minimum equipments recom- 
mended for the control of the 
following circuit — 

Alternating cunent feeders 

Alternating current generators 

Alternating current motor 
convertors 

Altematmg current rotary 
convertors 

Alternating current la Gour 
convertors 

Synchromzmg equipments 

The equipment to be listed will 
be the minimum lecommended for 
satisfactory working, but in many 
cases it will be desirable to employ 
the apparatus detailed as “ optional 
extras ” 

The layout of the alternating 
current panels depends to an even 
greater extent than direct current 
panels upon the practice of the Fig 47a 
manufacturers, the requirements of 
the purchaser, and the duty of the switchboard 

Typical panels are shown m Figs 47 and 48 

For certain classes of service, where it is either 
impracticable or inconvenient to shut down a switch- 
board for maintenance 01 cleaning, it is customary to 
fit isolating switches between the busbars and the oil 
cmcuit breaker In addition, sheet iron partitions may 

48— (5601) 
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pckoer equipment 




Type 


Standard equipment 


Optional extra equipment 


i 


\ 


I 


nEA 


1 ammeter 
1 voltmeter 

1 tnple-pole, oil-immersed cir- 
cuit breaker 

3 overload current releasee, 
and/or other protective gear 
3 current transformers 
1 hand operating device for 
oil-immersed circuit bLoaker 
1 double-Tiole, single-throw , 
field dlscliarge Bwltch and 
resistor 

1 field rheostat and operating 
device 


Noth This rheostat may be 
for the alternator or exciter 
field, or one rheostat for each 
may be provided 


Fig 47 


II FA 1 ammeter 

1 triple-pole, oil-immersed cir 
cult breaker . or 
3 single pole, oil-immersed cir 
cult breaker 

3 over current releases, and/oi 
other protective gear 
3 current transformers 


Fig 48 


2 extra ammeters 

1 indicating wattmeter 
1 watt-hour meter 
1 power factor meter 
1 frequency meter 
1 exciter ammeter 
1 exciter voltmeter 
1 three-way ammeter switch (where 
transformer operated meters are 
employed ) 

1 set of instrument cutouts 

3 time-limit devices for over current 
roloases 

1 under-voltage release 
1 oarth-leakage release device 

Noth Two over current releases only 
are necessary when an earth leakage 
release device la included 

1 set of synchronizing equipment (sec 
Section VII) 

3 busbar isolators for pole operation 
3 circuit Isolators for pole operation 
(with or without earthing contacts) 
Safety catches for isolators 
1 operating pole for Isolators 
1 switch or plugging device for volt- 
meter 

1 switch or plugging devloe for 
exciter voltmeter 

1 tank lifting and lowering device for 
oil-immersed circuit breaker 
First filling of oil for circuit breaker 
Cable box or boxes 


2 extra ammeters 
1 voltmeter 

1 Indicating wattmeter 
1 watt-hour meter 
1 pow er factor meter 
1 three-way ammeter switch, where 
transformer operated meters are 
om plowed 

3 busbar Isolators for pole operation 

3 circuit isolators for pole operation 
(with or without earthing contacts) 
3 time limit devices for over current 
releases 

1 under-voltage release 
1 earth Leakage releaso device 

Note Two over current releases only 
are noceasary when an earth leakage 
release device is Included 

1 set of instrument cutouts 
Charging resistances for oil-immersed 
circuit breaker 

First filling of oil for circuit breaker 
1 operating pole for isolators, safety 
catches for isolators 
1 tank lifting and lowering device for 
oil Immersed circuit breakers 
Cable box or boxes 



BACK SLATE OR MARBLE PANEL 






Fig 52 Front View of 440 Volts Three-phase Alternating Tuhrlst 

Switchboard 




Fig 5T Front View of Low Tension Alternating Current Switchboard 
uith Busbar Isolators 
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be fitted between the isolator and the breaker, and also 
between neighbouring panels, so that the oil circuit 
breaker, instrument transformers, wiring, etc , may be 
worked on m comparative safety 

Fig 49 illustrates panels of this type. 

For mdustnal and surface duty at collieries, condi- 
tions are such that open type switchboards are m many 



cases unsuitable, and the switchgear apparatus is 
therefore mounted m sheet-iron and angle-iron cubicles 
Fig 50 illustrates a panel of this type, and Fig 51 
a similar panel but with externally operated and 
interlocked busbar isolating switches 
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VOLTMETER AND SYNCHRONIZING PLUGS 



BUS VOLTS MACHINE MACHINE 


INCOMING ON LOAD 

/ 

Fig 66 Diagram of Synchronizing Connections 



I 
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From “ Power W innglDuigrams ” [Doier) 

Fig 56 Internal Connections or Weston Synchroscope 
and Auxiliary Box 



Fia 57 Internal Connections or B T-H Rotary 
Field Synohroscope and Auxiliary (Phase Splitting) 
Box 



Machine on LOdd fortune Incoming Machine onLoad Machine Incoming 
From “ Power Wiring Bui grams ” (Dover) 

Fig 58 Connections op Three-, Four , and Six-point 
Synchronizing Plugs 
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In the latter case the isolating switch and oil circuit 
breaker are interlocked as follows — 

(а) The busbar isolating switch cannot be opened 
or closed on load 

(б) Access to the oil circuit breaker compartment 
cannot be obtained unless the breaker is tripped and 
the busbar isolator in the open position 

Such interlocks ensure a large degree of safety to 
the operator, who is enabled to carry out maintenance 
work without danger of accidental contact with bare 
conductors 

Typical alternating current switchboards of the types 
described m the foregoing paragraphs are illustrated in 
Figs 52, 53, and 53a 

Synchronizing. When generator circuits have to be 
synchronized an equipment of the type illustrated m 
Fig 54 is used 

Potential receptaoles are placed on each geneiator 
panel, and by means of suitable plugs the circuits are 
coupled to the synchronizing instruments 

Figs 55-58 illustrate typical connections 

Acknowledgment is given of the courtesy of the 
British Thomson-Houston Company, the Metropolitan- 
Vickers Company, Messrs Ferguson, Pailin, and the 
Artie Fuse Company, for information and illustrations 
supplied in the preparation of the foregoing 
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SECTION IX 

SUPER-GENERATING VOLTAGE SWITCHGEAR 
(LAYOUTS) 


Arc, clearances foi, iu an, 490 

Beard, Mr J R, 485 
Bitumastic compound, 525 
Bolton’s tubular conductors, 493 
Bonding, 495 

British Thomson-Houston gear, 
507 

Busbar seloctoi switch, 522 

Central Electricity Board, 509 
Choke coils, 500 
Clearances, conductor, 494 
Compound, filling, 526 
Corona effect, 402 
Current transformer's, 524 

Draw-out typo goar, 531 
Duplicate busbars, 479 

Earthing, 496 

Ferguson Patlin goal, 503 
Ferro -concrete structures, 490 

Galvanizing foi protection, 488 
44 Grid " substation switching, 
485 

Hook stick switches, 513 
Isolators, carnage typo, 504 
Keen’s cement, use of, 527 


Lattice columns, erection of, 
490 

Lightning ari esters, 496 

Metal clad equipment, 517 
Metropolitan-Vickers sub- 
stations, 508 
Micaita, 525, 537 
MulungUBlu switch scheme, 499 

Oil-immersed isolating switches, 
634 

— — selector switch, 521 
Outdoor layouts, 498 

Potential transformers, 519, 
539 

Resistance of earth plates, 497 
Reyrolle geoi, 502 
Rocky ground earth connec- 
tions, 497 

Solenoid operatld switches, 
539 

Steelwork structures, 487 
Switching schemes, 483 

Timblr structures, 491 
Transfer from duplicate busbars, 
520 

Victoria Falls substation, 515 
Zinc, deposition of, 488 
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SECTION X 

SUPER-GENERATING VOLTAGE SWITCHGEAR 
(APPARATUS) 


Altitude, effect on flashovei, 
571 

Arcing horn, 570 
Aicmg-time at high voltages, 574 
Auto -valve arrester, 500 

Bakelite, 547 
Bitumen, 552 

Breakdown voltage, oil, 653 
Breather foi circuit breaker, 580 
B T-H circuit breakers, 588 
Burke arresters, 596 

Carriage-type isolator, 009 
Circuit breakers, 577 
Compound insulators, 503 
Condenser bushings, 506 
Current transformers, 013 

Electrolytic arrester, 598 
Electroscope, 615 
Elephantide, 550 
Explosion pot contact, 590 

Ferguson Pailin circuit 
breakers, 581 
Fixing porcelains, 573 
Flow lme design, 558 
Fog and mist, effect on flashover, 
571 

Fullerboard, 550 

Gas vent for circuit breakers, 
585 

Hickory for insulation, 549 
Hom-type arresters, 596 

Insulators, porcelain, 557 
Isolating switches, 602 

Lightning arresters, 593 


Maple \\ ood foi insulation, 5‘ 
Metiopolita n- Vickers circu 
breakers, 578 
Micamte, 540 
Micarta, 546 

Oil cnciut breakeis, 573 
Oil -filled insulators, 503 
Oil, insulating, 553 
Outdooi post insulators, 500 
Oxide film arrestei, 598 

Paraiiin wax for insulatioi 
550 

Paxolin, 547 
Peitiuax, 547 
Phantom earth band, 013 
Porcelain, 544, 550 
Potential indicators, 614 

transformers, 013 

Puncture and flashover, 569 

Reyrolle switches, 011 
Rotaiy blade switches, 004 

Snap break contact, 581 
Suspension -type isolator, 612 

Temperature, effect on insult 
lion, 544 

Thickness of msulation, 643 
Time of arcmg aL high voltagt 
574 

Triple pole switches, 603 

Ventilation of circuit breaker) 
585 

Westinghouse potential md 
cator, 014 

Wet process porcelain, 545 
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Alternators, short-circuit cur- 
rent of, 622 

Balancing current transformers, 
657 

Birmingham Corporation scheme, 
621 

Busbar supports, 649 

Capacity of circuit breakers, 622 

busbars, 651 

Cellular type switchboards, 635 
Compound filled switchgear, 639 
Cubicle -type switchgear, 625 
Current transformers, 655 

Duplicate busbar arrangement, 
640, 644 

Ferranti, 625 

Generator voltage limits, 619 

switching, 020 

Group feeders, 668 

Hams Hall station, Birming- 
ham, 621 

Heating of conductors on short- 
circuit, 654 

Home Office Regulations, com- 
pliance with, 629 


Inspection of switchgear con- 
nections, 628 
Interlocking, 629 
Isolated-phase-type switch 
boards, 647 

Limits of generator voltage, 019 

Metal- clad gear, 641 
Mica-insulated busbars, 036 

Oil-pilled metal-clad gear, 646 
Oil switch phase separation, 034 
Outdoor switchgear, 640 

Potential transformers, 058 
Protection of transformers, 859 

Reyrolle, 625 

Rupturing capacity of circuit 
breakers, 022 

Sbctionized busbars, 662 
Short-circuit current of alter- 
nators, 622 

Terminal insulation on circuit 
breaker, 035 
Truck type panel, 632 


SECTION XII 

D C AND LOW TENSION A C SWITCHGEAR 


Air break knife switches, 682 
Air circuit breakers, 698 
Alternating current boards, 749 
Ammeter switches, 091 
Ammeters, 729 

Arc from circuit breakers, 706 

Battery switches, 096 
Bimetal fuses, 678 


Cartridge fuses, 675 
Contact densities, switch, 682 
Cooling of circuit breakers, 709 
Current capacity of busbars, 717 

Earth detectors, 730 
Equipment of alternating cur- 
rent boards, 749 
Expansion of busbaiB, 724 
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Field discharge switches, 688 

rheostats, 730 

Fuse wires, 679 
Fusible cut out, 674 

Generator equipment, 738 

Instruments, switchboard, 729 

Laminated blade switches, 685 

Marble, 711 

Mounting of circuit breakers, 706 

Oil circuit breakers, 708 
Overload attachments, 701 

Porcelain handle fuse, 673 

Rating of switchboards, 729 
Reverse current attachments, 
702 


Rotary convertor equipment, 
740 

panel, 736 

SlLUMLNITE, 711 
Sindam o, 7 1 1 
Slate, 711 

Solenoid-operated circuit 
breakers, 706 
Steel switch panels, 712 
Synchronizing, 758 

Time lag attachments, 701 ' 

Traction switchboards, 731 
Transposition connections for 
busbars, 722 

Uacolite, 706 

Voltmeter switches, 692 
Voltmeters, 729 
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